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THE NERVOUS AFFECTIONS OF THE HEART.* 


FRIEDRICH MULLER, M.D. 


MUNICH, GERMANY. 


The Harvey Society has been founded for the purpose of forming a 
connecting link between the scientific research work of the laboratories 
and medical practice. I am greatly indebted to your president for his 
kind invitation to deliver a lecture before your society. 

It is my intention to address you to-night on the nervous diseases of 
the heart. It may be asked whether this is a problem sufficiently scien- 
tific to conform fully with the purpose of this society. I hope it is. As 
a professor of clinical medicine I hold the opinion that an observation 
made at the bedside is as well to be considered scientific as an observation 
made on an animal; nor do I think that, because it is unable to speak, 
the rabbit is a more scientific animal than man. 

I have selected this subject because it illustrates better than many 
others that our clinical conceptions are founded on experimental physiol- 
ogy. It is not long since we first ventured, and then only with some 
hesitation, to apply conclusions drawn from laboratory experiments to 
the pathology of the human heart. Now, since Deneke’s successful 
experiments on the human heart, we see our analogies in a clearer light. 
Deneke isolated the heart of a criminal immediately after execution, 
and by perfusing it with Ringer’s solution and then with blood, found 
that it beat regularly for a considerable length of time and obeyed the 
same general laws that apply to the heart of the dog and rabbit. 

Before we can comprehend the nervous pathology of the heart, we 
have to ask what réle the nervous system plays in the normal move- 
ments, not only of the heart, but of the blood vessels as well, for we must 
realize at the start that we can never look on the heart as a separate 
entity, but that the heart of the higher as well as of the lower animals 
is only a part of the whole circulatory system, and that it stands in 
closest relationship with the blood vessels. 

We know now that the heart removed from the thorax and cut off 
from all its connections with the cerebrospinal and the sympathetic nerv- 
ous system pulsates regularly. Therefore, we draw the conclusion that 
the nerves running to the heart never originate the heart movements, 


* Harvey Lecture, delivered at the New York Academy of Medicine, March 9, 
1907. 
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although they may influence them, interfere with, and even stop them. 
The origin of the pulsations lies in the heart itself and it is the flow of 
the blood through the heart, and especially through its own arteries, 
which not only acts as a nutrient, but also affords the stimulus. The 
same stimulus can be produced also by Ringer’s solution, and Howell of 
Baltimore has proved that the calcium ions especially are of importance. 

To this constant stimulus the heart answers with rhythmic contrac- 
tions quite in the same manner as the stomach, the intestines and the 
ureters respond with rhythmic peristalsis to the constant stimulus of their 
contents. The stimulus acts on the muscle of the heart, but it is not yet 
clear whether it is on the muscle fiber itself that the stimulus first acts, 
or whether the fine network of intrinsic nerves takes up the stimulus and 
transfers the irritation to the muscle fibrils. While Engelmann and the 
Leipzig school adhere to the muscular hypothesis, Bethe and recently 
Hering strongly defend the nervous origin of the irritation. 

The irritability of the heart muscle ceases during and immediately 
after the systolic contraction and returns gradually during the diastolic 
pause until it reaches a point sufficient to respond again with a new 
contraction to the continued stimulus of the blood flow. 

This refractory period may be shortened, as is the case in paroxysmal 
tachycardia, or it may be of longer duration when the irritability of the 
heart muscle is impaired by pathologic processes. 

Every part of the heart is irritable, and every part answers to the 
normal stimulus with its own rhythm, but the irritability is developed in 
the highest degree in the venous part of the right auricle, and this most 
easily excitable part, whose own pulsations are more frequent than those 
of the ventricles, takes the lead of the other parts and determines the 
rate of their pulsations. So the venous part of the auricle forces its 
rhythm on the other parts of the auricles and on the ventricles with 
which it is connected. 

The impulse from the auricles to the ventricles goes through the 
bundle of His. We have learned its nature and course only within the 
last year, when Tawara published his studies on the heart of different 
animals. In the human heart the shape and distribution of the His 
bundle seems to be less simple than in dogs, sheep and calves, and is not 
vet fully known. In the lower animals His’ bundle arises in the form of 
a knot in the septum auriculorum, passes immediately in front of the 
septum pellucidum to the muscular wall between the right and left 
ventricle, divides into two branches, either of which runs as a closed bun- 


dle to the apex of each ventricle and divides there into fine filaments sup- 
plying the papillary muscles and all the other parts of the ventricular 
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walls. This bundle consists of peculiar shaped muscle cells first described 
by Purkinje. The transmission of the impulse from the auricles to the 
ventricles occurs with a definite delay, and it seems that the peculiar 
construction of the Purkinje muscle gives an explanation for this delay. 

Both ventricles act synchronously and, indeed, this exact synchronism 
remains intact for as long a time asthe two ventricles are connected by 
their muscle bundles. Hering concludes from his experiments on ani- 
mals that a separate contraction of a single ventricle never occurs, and 
that the old clinical conception of hemisystolia was erroneous. When 
we consider that the muscle bundles of the right ventricle overlap to a 
considerable extent the central muscle nucleus of the left ventricle, and 
are closely mingled with it, this view looks very reasonable. But Kraus 
and Nicolai, in their latest experiments, conclude from the electrocardio- 
gram of the human heart that in some cases of irregularity a dissociation 
between the contraction of the right and left ventricle does take place. 

When the conducting path between auricles and ventricles becomes 
impaired the delay between the auricular and ventricular contractions 
wil! be longer, or some of the ventricular contractions may fall out 
altogether, so that, as Erlanger has demonstrated, not every auricular 
contraction is followed by a ventricular one. Not only anatomic lesions 
of the His bundle, but also some poisons (digitalis) and nervous 
influences increase this delay and, therefore, are able to produce omis- 
sions of single ventricular contractions. 

If the His bundle is completely cut across, the ventricles do not 
remain permanently at rest; after a short stop they again begin to 
pulsate, but in their own rhythm, which is totally independent of the 
auricular movements and is characterized by its slow rate—thirty to 
twelve beats per minute. This is the case in the Adams-Stokes symp- 
tom-complex of paroxysmal bradycardia, and this disease is, therefore, 
not to be considered as a nervous one. In a very marked case of 
paroxysmal bradycardia, which has been studied in my clinic, we found 
at the autopsy a large white scar on both sides of the septum ventric- 
ulorum exactly at the site of the His bundle: similar observations 
have been reported by others. It is not yet clear why in such cases of 
severe anatomic lesions and destructions of the His bundle a perma- 
nent dissociation and a constant bradveardia does not take place, and 
why in such cases periods of complete dissociation commonly alternate 
with periods of two, three or four auricular contractions to one ventricular 
contraction, and sometimes with periods of one to one, viz., those of 
normal type. 


If any part of the heart muscle is struck by an extra stimulus in 
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addition to the normal one, it can respond with an extra contraction or 
a premature systole, which interferes with the normal rhythm. The 
extra systoles are, according to our observations, commonly of a shorter 
duration, and they are of lesser intensity the sooner they follow after 
the end of the preceding normal contraction. The extra systolic con- 
tractions may start from the auricles or from either ventricle, and they 
are the commonest source of irregularity. In the human heart we 
observe these extrasystoles especially when the muscle has to struggle 
against an abnormal high blood pressure and against a condition of con- 
gestion, or when the heart muscle has become abnormally irritable. This 
is the case in many myocardial affections. We may say, therefore, that 
extrasystolic irregularities manifest themselves especially when the 
mechanical power of the heart is in disproportion to the opposing forces. 

We have seen that the cardiac muscle is an automatic apparatus. 
Yet this apparatus works under the permanent control and influence of 
the central nervous system. 

The nerves which run to the heart influence the frequency of con- 
tractions, their type and strength; they also increase or diminish the 
myocardial irritability and the transmission of the stimulus from one 
part to the other. We shall never be able to find our way through the 
inextricable network of nerve plexuses running to the heart and sur- 
rounding it, but we know something about the functions of the vagus 
and of the sympathetic nerves. The inhibitory influence of the vagus 
seems to be of greater importance than the augmentatory one of the sym- 
pathetic. The vagus nerve arises in that important region of the me- 
dulla oblongata where we find also the centers for respiratory movements 
and of the vasomotor system, and we are sure that these centers are in 
closest connection to each other. 

The vagus sends fibers especially to the venous part of the auricles, 
and these particular fibers alone exert a chronotropic influence, that is, 
they affect the frequency of the heart contractions. Other parts of the 
vagus run to the septum auriculorum and ventriculorum and have an 
inhibitory action on the irritability and the energy of the muscular con- 
tractions, as well as on the conducting functions of the His bundle. 

The vagus passes to the heart as white, medullated fibers. These do 
not end in the muscular fibers directly, like the motor nerves of the 
voluntary muscles, but seem to end exclusively in ganglionic cells, from 
whence non-medullated, gray fibers issue. The vagus is, therefore, to be 
considered merely as a preganglionic nerve, and we must realize that 
there is no essential difference between the vagus and the white rami 
communicantes of the spinal cord going to the sympathetic ganglia. 
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Both pass as white fibers from the central nervous system to sympathetic 
ganglion cells and both innervate involuntary movements. 

Besides these centrifugal nerve bundles, the vagus has also a centrip- 
etal part, the so-called depressor nerve. This is not so much the sensory 
nerve of the heart itself as of the aorta, and it runs to the centers in the 
medulla oblongata. If the pressure in the aorta becomes too high, an 
impulse is carried through the depressor nerve to the vagus and vaso- 
motor centers and produces an inhibitory reflex on the heart and a lower- 
ing of the blood pressure. 

Summarizing, we can say the vagus reduces the work of the heart 
to that degree which is sufficient for the momentary exigencies of the 
circulation. The vagus is set in action by the heart itself or by the 
aorta whenever a protection for the heart is needed, and it is set in 
action by other organs, whenever a diminution of the blood supply is 
wanted. 

On the other hand, the accelerans of the sympathetic system stimu- 
lates the heart to a greater effort and to a more frequent action for the 
benefit of other organs, for instance, of the working muscle. Every 
strong exertion of the voluntary muscles raises the frequency and the 
effort of the heart by way of the sympathetic nerves. 

The sympathetic accelerator nerves leave the spinal cord at the level 
of the first of the fifth dorsal segment in the form of white, medullated, 
rami communicantes. They issue with the anterior roots and run to 
the ganglion stellatum and ganglion cervicale inferior. The post- 
ganglionic gray fibers arise from these ganglia and run to the various 
parts of the heart. Some of the sympathetic fibers pass to the venous 
parts of the auricles, and it is plausible to believe that these only have 
an increasing effect on the cardiac frequency. Other fibers of the sym- 
pathetic go to the ventricular muscle and increase the force of con- 
traction, the irritability and conductivity, and shorten the duration of 
the systole. 

It has been in doubt for a long time whether the sympathetic car- 
ries any centripetal, that is, sensory fibers. The embryologic origin 
of the sympathetic nerves and ganglia from the posterior spinal roots 
and the ‘intervertebral ganglia seems to prove that there are indeed 
sensory functions in the sympathetic system, and many experimental 
and clinical observations also speak in favor of this belief. These sen- 
sory fibers of the sympathetic carry impulses of which we ordinarily are 
not conscious, and which are involved in the manifold unconscious sym- 
pathetic reflexes. The well-known fact that in angina pectoris a distinct 
pain is felt in the region of the lower cervical or the uppermost dorsal 
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spinal segments, and that often an area of hyperesthesia can be detected 
in parts of the arm and chest receiving their nerve supply from the 
same spinal segments (Head) leads to the conclusion that sensory fibers 
run from the heart to these segments of the spinal cord, for, as far as 
we know, there are no other paths for these sensory fibers except in the 
sympathetic system. Hence this clinical observation speaks in favor of 
the supposition of centripetal svmpathetie fibers. 

The double innervation of the heart through inhibitory and augmen- 
tatory nerves corresponds entirely to the innervation of all the other 
organs containing involuntary muscle, the stomach, the intestines (where 
we again see the vagus as an antagonist of the svmpathetic), the blad- 
der, »ut particularly the blood vessels. The blood vessels, and especially 
the finest arteries, are, like the heart, under the influence of inhibitory 
(dilatator) and augmentatory (constrictor) fibers. Indeed we can say 
that the accelerator (augmentatory) cardiac nerves are simply a part of 
the general vasoconstrictor sympathetic nervous system. 

The vasoconstrictor nerves leave the spinal cord in the anterior roots 
in the form of white rami going to the sympathetic ganglia, from the 
dorsal to the third lumbar segments, the splanchnics belonging to these 
preganglionic white fibers. It will be remembered that the vasodilator 
nerves arise with the cerebral nerves, such as the vagus, and with the 
posterior roots of the spinal cord, from the uppermost cervical to the 
sacral segments. 

Besides this central nervous influence on the caliber of the blood 
vessels we must suppose also certain local automatic contractions and 
dilatations of the finest arteries and capillaries which continue their 
action when all nerve supply has been cut off. The researches of Stricker 
and of others of recent times seem to prove that the automatic action 
of the capillaries plays an important part in the circulation of the blood 
and lymph. Be this as it may, it is certain that the vasomotor nerves 
have a very powerful influence on one of the most important and incom- 
prehensible regulatory mechanisms, viz., the maintenance of the normal 
blood pressure, a regulatory mechanism whose importance stands in no 
respect below that of the maintenance of the body temperature. 

This whole regulatory mechanism of the heart and vessels works 
under the control of the central nervous system, especially the brain; it 
responds to every incident in the life of the body, to psychic excitement, 
joy. fear and depression, to attentiveness, mood and fatigue; every mus- 
cular exertion, all changes of temperature act on it, and through it on the 
heart and vessels and blood pressure. 

The morbid results of many cardiac diseases, of myodegenerations of 
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mitral or aortic stenosis, find a compensation in vasomotor contractions. 
On the other hand, we see that temporary or lasting changes in the 
blood vessels find a compensation through an increase or a diminution of 
the heart work. 

Now that we have reviewed some general conceptions of the part 
plaved by the nervous system in the entire circulatory apparatus, let us 
consider in what form disturbances of the nervous system manifest 
themselves on the circulation. 

Cardiac symptoms may sometimes arise from coarse anatomic lesions 
of the central nervous system or the vagus. Cases have been reported in 
which paroxysmal tachycardia was the consequence of a syphilitic disease 
of the basis cerebri and the oblongata, and severe compression of the 
vagus trunk is said to have provoked attacks of bradycardia and even of 
momentary stoppage of the cardiac beat, but it is not vet known whether 
we may regard some cases of the Adams-Stokes disease as a consequence 
of a damage done to the vagus or whether all such cases belong to alter- 
ations of the His bundle. 

Far more frequently than with organic lesions of the nervous system 
do we see cardiac and vasomotor symptoms in connection with a gen- 
eral and functional nervous disease, especially with neurasthenia. In 
neurasthenia the irritable weakness and instability are not confined 
to the mind and the cerebral functions alone, but often involve a debil- 
ity of the peripheral nerves also. Along with neurasthenia proper we 
must maintain with Mobius the old conception of nervousness. Nerv- 
ousness is characterized by an over-irritability of the mind and the 
central nervous system. Irritation of one center irradiates farther and 
draws into play more centers than normally; therefore, all reflex fune- 
tions are exaggerated. With nervous individuals disorders of the circu- 
latory system play a very important part, and, indeed, a great many 
symptoms of neurasthenia and nervousness find an explanation in local 
or general disturbances of the heart and the vasomotor system. 

Among the symptoms of the nervous heart we have first to consider 
alterations in the rate of pulsations. We note that usually the frequency 
of pulsations is increased and often to a high degree. But the increase is 
seldom a permanent one. A permanent acceleration points rather to 
other cardiac diseases. It is far more common, and very characteristic 
of nervous disturbances, to see periods of rapid pulse alternate with a 
normal rate or even with periods of bradycardia. Indeed the patient 
who has attracted our attention during the consultation because of his 
stormy. excited and frequent cardiac action, complains often less of the 
tachveardia than of the slow heart rate which he has observed in the 
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morning after sleep or during rest and which, if he anxiously palpates 
his pulse, gives him the hypochondriacal impression of cardiac weakness. 

In short, the nervous heart reacts with an excessive alteration of fre- 
quency to all those conditions which produce in the healthy individual 
only a moderate increase of the pulse rate, for example, to the digestion 
of food, to coffee and alcoholic drinks (intolerance against alcohol) to 
every kind of muscular exertion, but above all to psychic impressions. It 
is characteristic that the increase in frequency is far more marked during 
psychic disturbances (as called forth, for instance, by fear of the doctor) 
than during muscular work. Muscular work provokes in the nervous 
heart an acceleration of the pulse rate, but not the symptoms of defective 
circulation or breathlessness. 

Once a young physician, climbing up a steep hill in company with 
an experienced physician, described to him in rapid conversation his 
cardiac troubles and palpitations. The older physician replied: “You 
have a nervous heart and no organic cardiac trouble, else during climbing 
you would not continue to talk but rather would gasp for breath.” 

Besides this discrepancy between the high pulse rate and the sub- 
jective symptom of palpitation on the one hand, and the absence of 
symptoms of defective circulation on the other, it is very character- 
istic that the increased frequency due to muscular work diminishes when 
work continues and gives way to a normal rate in a few minutes after 
the muscular exertion has ceased. In organic cardiac failure, as in 
myocardial weakness, we see that muscular strain provokes also a high 
pulse frequency, but in addition shortness of breath, cyanosis, sinking 
of the blood pressure and every symptom of defective circulation, while 
after the cessation of the exercise a much longer period elapses before 
the normal pulse rate and respiration is restored. 

In closest relationship to pulse rate stands the question of rhythm. 
Does arrhythmia really occur in the nervous heart? It does, but not to 
any such extent as is generally believed. The only form of arrhythmia 
whose connection with nervousness we are sure of is the so-called res- 
piratory or infantile arhythmia. Because neither of these names is 
fully explanatory I propose the name of “changing pulse rate.” We 
understand by this designation a pulse in which periods of more fre- 
quent action alternate quickly with periods of lesser frequency, the varia- 
tions concerning only the duration of the diastole, while the systole and 
the relation between the action of auricles and ventricles remain unaltered. 
In healthy people, and especially in children, forced inspiration and expi- 
ration produce a slight but distinct increase and decrease of pulse rate. 
These periodic changes of frequency are developed to a much higher de- 
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gree in nervous individuals, and it is clear that this changing pulse is 
nothing else than an exaggeration of a normal reflex, of a reflex whose 
path and nature are well known, for we are sure it goes over the vagus, 
and is to be considered a sign of an unstable equilibrium of the vagus 
center. This symptom belongs to the same series as the exaggeration of 
the vasomotor reflexes, or of the knee-jerk, so commonly found in nerv- 
ous individuals. And since such a respiratory irregularity is never ob- 
served in organic cardiac diseases, this symptom is of no little diagnostic 
value. 

Regarding the other forms of irregularity it is certain that the pulsus 
alternans and the pulsus irregularis perpetuus are never symptoms of 
nervous cardiac diseases; they occur only in cases of severe damage of 
the heart muscle itself. The pulsus irregularis perpetuus is, according 
to the investigations of Hering, Mackenzie and Gerhardt, nearly always 
accompanied by the symptoms of severe injury, often of total paralysis 
of the right auricle. Since we know the important réle played by the 
right auricle in the origin and co-ordination of the heart movements, it 
is not at all astonishing to find complete arrhythmia as a common conse- 
quence of its injury. Rather difficult to explain are the short attacks of 
complete arrhythmia, even of delirium cordis, which are sometimes found 
in connection with severe indigestion after overloading the stomach 
with indigestible food. These attacks can often be checked at once by 
vomiting or by emptyirig the stomach with the tube. Perhaps they are 
to be explained as a form of reflex action through the vagus. or they are 
perhaps of toxic origin. 

By far the commonest form of irregularity is that due to the occur- 
rence of extrasystoles. Does extrasystolic irregularity occur in simple 
nervous cardiac disease? It is said that it does, and Lommel goes so far 
as to say that extrasystolic irregularity is so common in young nervous 
individuals that it is of but little importance. I do not agree with this 
view and I doubt very much whether extrasystolic irregularities are ever 
to be considered as a sign of purely nervous disorders. Hering was 
never able to produce extrasystolic contractions in animals when he 
experimented on the cardiac nerves, but he admits the possibility that 
extrasystoles may take place by vasomotor influences if these lead to sud- 
den and considerable rise of blood pressure. In this way we can explain 
the observation that not infrequently slight extrasystolic irregularities 


exist in young nervous persons in whom no signs of cardiac disease can 
be detected. But there is no doubt that in the majority of cases the ex- 
trasystolic irregularities are due to incipient or advanced disease of the 
myocardium, to irritable weakness and to a disproportion between the 
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strength of the heart and the resistance to be overcome. If extrasystolic 
irregularity is very pronounced, and if a great number of extrasystoles 
disturb the normal pulse rate, we are always sure of a severe damage of 
the heart muscle. If this rule is established, are we then allowed to con- 
clude that a rare occurrence of extrasystolic contractions is but a nervous 
symptom? Such a conclusion would not be logical. 

Yet frequently we observe extrasvstolic irregularities occurring over 
many vears before any definite manifestations of a damage of the heart 
muscle or the blood vessels appear. The extrasystoles may even disap- 
pear again completely, especially when such injurious influences as 
abuse of nicotin, strong coffee, overexertion, or the influence of high 
altitudes cease, or when the heart accommodates itself by means of 
hypertrophy to the increase of the blood pressure due to the development 
of arteriosclerosis. If we are able to follow the fate of individuals who 
have shown in former vears extrasystolic irregularity, we may convince 
ourselves that not a few of them show in later years distinct symptoms 
of heart failure or arteriosclerosis, and we draw the conclusion that the 
evolution of those important diseases often extends over more than ten 
or even twenty vears. Therefore it will be better in practice to consider 
the extrasystolic irregularity as a sign of importance and not simply as 
a manifestation of a nervous heart, which commonly passes as harmless. 

The nervous heart manifests itself very often by troublesome pal pi- 
tation. Here we would emphasize that palpitation must be sharply dis- 
tinguished from high pulse rate and that not all sensations which are 
called palpitations by hypochondriacal patients deserve this name. When- 
ever we are in doubt whether the patient suffers from true palpitations, 
have him count his heart beat without putting his hand to his chest, the 
physician meanwhile controlling his count by feeling his pulse. If the 
patient is not able to feel every heart beat in his chest and to give its 
exact rate, then he has no true palpitation but some other sensation which 
he has wrongly interpreted as such. 

In true palpitations the heart throbs violently and shakes the thoracic 
wall so that the observer may feel it with his hand placed over the 
cardiac region, nay, see it before the patient has exposed his chest. Shall 
we assume that in palpitation a greater energy is contributed by the 
heart to the genera! circulation, or that a larger part of the expended 
energy is uselessly wasted in shaking the thoracic wall, energy which in 
the healthy heart is more economically applied to the propulsion of the 
blood alone? Tracings of the apex beat are apt to give no explanation 
of the mechanism of palpitation. They show that the ascending line of 
the cardiogram is steeper and higher, so we may conclude that the systolic 
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contraction is quicker, that it reaches its maximum more suddenly, 
within a shorter time and not in that slow way which is the optimum 
for the propulsion of the blood. According to our own cardiographic 
tracings, palpitation seems to be produced by a peculiar type of mus- 
cuijar contraction, and this may be due to certain nervous influences. 

The cardiographic tracings in nervous palpitation show a close like- 
ness to those of extrasystolic contractions, which also produce the feel- 
ing of a shock te the chest walls. In connection with this peculiar form 
of muscular contraction we observe the fact that the first sound of the 
heart is louder and accentuated, and this symptom is not difficult to 
understand when we remember that Ludwig explained the first sound 
as being produced by muscular contraction and that the first sound be- 
comes less loud and even disappears whenever the systolic contraction 
is performed slowly. This is the case in aortic stenosis where the cardiac 
tracing shows a very slow ascending line. 

The apex tracings in nervous cardiac troubles show, besides the 
quick and high ascending line, no uniformity. Sometimes we see a very 
pronounced flat or even an ascending plateau; in other cases the trac- 
ing falls immediately after the first rise and it is not easy to mark the 
end of the systole. As Hiirthle and Frank have shown, we find the as- 
cending type of cardiac tracings whenever the heart has to struggle 
against a high blood pressure and when the ventricle finds difficulty in 
emptying itself. The descending type shows, on the contrary, that the 
outflow of the blood takes place easily and that the resistance in the 
vessels is not high. We come to a similar conclusion from a careful ex- 
amination of the arterial sphygmogram (D. Gerhardt). In cases of 
nervous heart the sphygmomanometric tracings of the radial artery 
show a high systolic plateau of unusual duration, sometimes even an 
anachrotic wave. This may be taken as proof that the outflow of the 
blood through the capillaries is difficult and slow, and this behavior is 
coincident with a high maximum of arterial blood pressure and a high 
minimum as well. There is no explanation possible for this observa- 
tion other than a constriction of the arterioles and the capillaries by 
means of vasomotor influence. The same behavior is met with in diffuse 
angiosclerosis. In other cases of nervous palpitation the sphygmomano- 
metric tracings of the radial show a quick descending line, a high maxi- 
mum, but a low minimum blood pressure; in these cases the outflow of 
the blood through the capillaries must be considered as rapid and easy. 


This leads us to consider the arterial blood pressure in nervous car- 
diac diseases. In healthy non-nervous individuals the blood pressure 
varies under changing conditions within strikingly small limits. Even 
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energetic muscular exercise increases the blood pressure but transiently 
and then not to a very high degree. The difference between the maxi- 
mum and the minimum (the pulse pressure) becomes greater, but this 
is merely a sign that during muscular work a greater quantity of blood 
is thrown out by every ventricular contraction. In nervous and neu- 
rasthenic individuals the blood pressure shows the same great tendency 
to abnormal variations that we have seen in pulse frequency. Muscular 
exercise, as well as eating and drinking, especially alcoholic drinks, cof- 
fee, tobacco, and, above all, psychic excitement, influence the blood pres- 
sure quickly and to a greater degree than in normal individuals. So we 
often observe in our consultations that the mere sight of the blood pres- 
sure apparatus is sufficient to produce a certain fear in nervous patients, 
and that the first readings give an abnormally high maximum of 160 
mm. or more. The blood pressure sinks to a normal figure of 140 or 
120 as soon as the patient has convinced himself that no injury will be 
done to him. 

This changeability of the blood pressure is often combined with a 
tendency to flushings of the head and a disagreeable feeling of heat in 
the face, to attacks of fainting, to headache, and especially to migraine, 
to sudden perspiration, to cold hands and feet, symptoms which corre- 
spond to the disordered condition of the vasomotor system. In such 
cases the arteries, especially the radial and temporal, show on palpation 
a marked contraction at certain times, while some hours later they are 
found dilated, soft and strongly pulsating. 

But in some nervous individuals the blood pressure stands perma- 
nently at too high a level. We shall seldom be wrong if we assume that 
this is a sign of beginning arteriosclerosis. Arteriosclerosis is considered 
to be the result of continued damage to the vessels, due to too great 
demands on them. Rapid variations in blood pressure and a tendency to 
abnormally high pressure are among the main causes for the wearing out 
of the arterial walls. ‘Thus we may understand why so many individuals, 
who in their youth have shown the symptoms only of nervous cardiac 
and vasomotor disease, so often fall a prey to arteriosclerosis relatively 
early in life. How often this is the fate of charming, warm-hearted 
individuals, with high spirits, quick intelligence and always ready energy, 
whose end is nephritis, apoplexy or sudden death from angina pectoris! 
This evolution from primary pure nervous over-excitability of the heart 
and vasomotor system into severe angiosclerosis is often observed after 
severe injury to the nervous system by railway accidents, by great grief 
and distress, often in widows who have lost their husbands under afflict- 
ing circumstances. And whenever we see in such cases of nervous 
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breakdown that the blood pressure continues to be far too high we are 
aware that arteriosclerosis has set in. 

These few remarks may show the importance of the determination 
of blood pressure. I believe that in the last ten years no other method 
has brought us such a distinct progress and enrichment of diagnosis as 
that of the estimation of blood pressure. 

The size of the heart fails to show any changes in the majority of 
cases of nervous heart. Indeed the normal size of the heart has often 
proved a valuable sign in the diagnosis of the nervous type of heart 
trouble. But we should not forget that among organic diseases also, es- 
pecially in arteriosclerosis and nephritis, the heart may show for a long 
period of years normal size to percussion and to Roentgen rays, al- 
though it is quite apparent from the high level of blood pressure that 
it is continually performing increased work and really must be hyper- 
trophied. Simple hypertrophy without dilatation does not increase the 
dimensions of the heart or only very slightly. On the other hand, it 
can not be denied that in cases of long standing and severe nervous over- 
excitement of the heart the myocardium becomes impaired and that true 
hypertrophy, sometimes also distinct dilatation, occurs. But here we 
must refer to a source of error. The violent apex beat of the excited 
heart strikes the chest wall in a much larger area and therefore frequently 
simulates an enlargement of the heart which really does not exist. 

Among the subjective symptoms of the nervous heart we have to 
remember pain and other distressing sensations in the heart region. As 
long as they do not show the characteristics of true angina pectoris 
these feelings are of very little importance. True angina pectoris is 
characterized by short attacks of most intense pain. They appear when 
the patient walks or when he climbs a staircase and force him to stand 
still until the pain disappears. Very often the attacks come soon after 
a rich meal, especially if the patient walks soon afterward; sometimes 
the attacks occur during the night and awaken the patient from sleep. 
The pains are localized in the precordial region, behind the sternum, or 
in the epigastrium, and sometimes may be mistaken for gastric pains; 
they almost always radiate to the left or the right arm or to the carotid 
region of the neck. In simple nervous cardiac disease the painful sensa- 
tions are of far longer duration. They are not dependent on walking, 
eating, ete., and do not appear during sleep. In most cases they are 
not at all severe. Usually they are localized in the region of the apex 
beat, and very rarely radiate to the arms. Very often the patient has 
the impression that the painful sensations of the nervous heart have 


their seat not in the heart itself but in the tissues covering the thorax, 
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and frequently we find a distinetly hyperesthetic area over the skin in 
the region of the apex beat. If the pressure of the stethoscope alone suf- 
fices to call forth expressions of pain from a female patient, then the 
physician may be sure that he has to deal with a hyperesthetic patient 
and not with a symptom of true cardiac disease. Though the painful, 
or better the disagreeable, sensations in the heart region are commonly 
of but little intensity, they are not to be neglected. By their continued 
presence they irritate the patient and remind him of his heart the whole 
day long. As a rule we can say: the more the sensory symptoms, pain 
or palpitation prevail, the more the psychic factor is pronounced, and 
the more the patient is subject to the hyponchondriacal idea that he is 
suffering from severe heart failure. 

It is a question whether the well-known symptoms of true angina 
pectoris or of pseudoangina are met with in simple nervous disease, 
and whether we should agree with Huchard, Rosenbach and Romberg, 
who regard attacks of the anginal type as especially characteristic of 
nervous cardiae affections. Are we able to distinguish a pseudoangina 
pectoris from the true one, observed in coronary sclerosis and aortic dis- 
ease? Certainly some nervous patients describe attacks of cardiac pain 
or even of agony, which makes us believe them to be of great impor- 
tance. But if the physician happens to observe such an attack personally 
he can usually convince himself that the attack does not present that 
elementary convincing severity which characterizes the pains of true 
coronary sclerosis, but that it is more a feeling of nervous anxiety and 
oppression. Indeed I am inclined to doubt that there exists a true angina 
pectoris as a symptom of mere nervous affections. I believe that every 
patient who has suffered from typical angina pectoris is to be suspected 
of having some dangerous organic disease and of being prone to sudden 
death. 

It is never wise to make the diagnosis of a purely nervous cardiac 
disease when symptoms of actual circulatory incompetence are present, 
i. e., dyspnea, cyanosis, swelling of the liver, diminished quantity of 
urine, etc. Usually the nervous cardiae and vasomotor disturbances are 
characterized by polvuria with clear light-colored urine, and very often 
by the interesting phenomenon of phosphaturia, i. e.. by diminished 
acidity of the urine, 

As far as the dyspnea of nervous patients, especially of voung people, 
is concerned, their craving for air and their supposed inability to draw 
a full breath, the experienced eve of the practitioner should have no 
great difficulty in distinguishing its true hysterical or hypochondriacal 


nature. 
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We now turn to an especially important subject, namely, to the con- 
sideration of some other cardiac diseases which show symptoms similar 
to those of the nervous affections and which are often mistaken for them. 
I am inclined to say that the majority of cases which in former vears 
have been considered as typically nervous can no longer be placed under 
this heading. 

Here we have first to mention the heart affections in goiter. This 
is very common in the southern parts of Germany and in Switzerland, 
and from my own experience | may say that nearly a third of all cases 
of so-called nervous palpitation belong to this disease, viz., to hyperthy- 
roidism. Here I do not mean the fully developed cases of exophthalmic 
goiter, but those far more frequent cases of incomplete hyperthyroidism 
where only the cardiac symptoms are very prominent and where other 
symptoms seldom or never attract the attention of either the patient or 
physician. 

The “Aropfherz” (Fr. Kraus) or hyperthyroid heart can be dis- 
tinguished from the nervous cardiac affections by the fact that the high 
pulse rate lasts throughout the whole day and night and is not due to 
reflex action alone. The acceleration in most cases of goiter heart is 
not excessively great, 90 to 120, not nearly as high as in paroxysmal 
tachycardia, but high enough to trouble the patient constantly and to 
make him unfit for all continued work. This effect is due especially to 
the fact that palpitation is very pronounced. It is worth mentioning 
that in the hyperthyroid heart as well as in fully developed exophthalmic 
goiter the increased pulsation is especially felt over the region of the 
right ventricle, that is, along the left border of the sternum as high as 
the second interspace, and at the autopsy in cases of exophthalmie goiter 
I have observed that there was present a marked hypertrophy and dila- 
tation, especially of the right ventricle, and an excessive congestion of 
the pulmonary vessels. The blood pressure does not depart from the 
normal. Vasomotor symptoms, flushings of the head and sudden perspi- 
ration are very common. If we carefully examine the patient we rarely 
miss a fine tremor of the fingers and a certain psychic over-excitability. 
The patients are in a permanent state of distressing mental irritation. 
They complain that they get tired and worn out by any mental or mus- 
cular exertion, and that they are unfit for continued effort. Often we 
see voung individuals who experience difficulty in school or in their occu- 
pations in whom hyperthyroidism explains the psychic and bodily defi- 
ciencies. Sometimes in the case of voung women and girls one is led to 


suspect chlorosis, but the blood shows normal composition, and the lassi- 


tude and cardiac palpitation, in combination with a soft swelling of the 
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thyroid gland, lead the physician to the right diagnosis. Very char- 
acteristic is the liability to lose flesh, even while the appetite is good. 
In the course of months and years under alternating improvement and 
aggravation we sometimes see the development of dilatation and incom- 
petence of both ventricles and every symptom of cardiac failure, edema, 
oliguria and severe dyspnea. The same poison which for many years 
caused only an increase in the number and strength of the cardiac con- 
tractions proves finally deleterious to the myocardium. 

The diagnosis of hyperthyroid heart is easy when the thyroid gland 
shows the characteristic soft swelling, even though this be but slight. 
The diagnosis is difficult when no swelling at all is present. Yet we 
sometimes see cases which show every characteristic of hyperthyroidism, 
though no enlargement of the gland is present. As we may suspect kid- 
ney disease when no definite signs are present, so may we believe that 
a morbid state of the thyroid can exist without any apparent enlarge- 
ment or diminution in the size of the organ. 

In cases presenting diagnostic difficulties we can usually come to a 
conclusion by a careful administration of the iodids. In cases of hyper- 
thvroidism the iodids, even in the smallest doses, cause immediately a 
marked change for the worse. They produce an increase of palpitation, a 
diminution in weight and the appearance of nervous excitement and 
tremor. I can not agree with those authors who distinguish special types 
of the goiter heart supposedly due to mechanical pressure by the enlarged 
gland on the vagus and sympathetic nerve. Rather I am convinced that 
the goiter heart is an entity and is due to an excessive formation and ab- 
sorption of the secretion in the thyroid gland. Experiments on the iso- 
lated mammalian heart have shown that thyroid extract causes an in- 
crease in the number and strength of contractions, and the proof that 
palpitation, tachycardia, vasomotor symptoms, mental excitement, and 
the characteristic increase of metabolism are really due to hyperthyroid- 
ism, has been given by the fact that the medicinal administration of 
preparations of the thyroid gland produces in normal individuals the 
same symptoms, and that in some (but unfortunately not in all) cases 
of hyperthyroid heart the symptoms are relieved or removed altogether 
by extirpation of one lobe of the gland. So we may place the “Kropf- 
herz” or hyperthyroid heart among the toxic processes. 

Among the poisons which act on the heart there is to be mentioned 
caffein. In connection with this we must consider the excessive use of 
coffee and tea. Caffein is sometimes used in Germany for the purpose 
of simulating nervous irritable heart and thus offering escape from mil- 
itary service. Caffein, indeed, when used in large doses, produces exactly 
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the same symptoms as nervous cardiac overexcitability, strong palpita- 
tions and pronounced psychic disturbance. 

Tobacco must also be mentioned. I purposely do not say nicotin, for 
recent investigations make it very questionable whether the toxic effects 
of tobacco run parallel to its content of nicotin. Nicotin is a strong 
poison to the nerves, and Langley has shown that it paralyzes the sym- 
pathetic ganglion cells. Nicotin acts on the isolated mammalian heart, 
increasing the rate and intensity of contractions. ‘Tobacco affects the 
normal heart much less than the nervous or weakened heart. In nervous 
individuals it produces a distinct increase of the blood pressure. Though 
chronic abuse of tobacco is surely deleterious to the heart, it proves yet 
more dangerous to the blood vessels, and in no small number of cases 
of early and general arteriosclerosis, especially of the coronaries, the 
abuse of tobacco is the primary cause. Sometimes tobacco seems to pro- 
duce attacks of pseudoangina pectoris or, as Gibson correctly says, the 
symptoms of stenocardia without coronary sclerosis. It is possible that 
a temporary spasm of the coronaries may be produced by the influence of 
tobacco. 

Concerning alcohol, we know that it affects the vessels less than the 
heart muscle, and that the different kinds of alcoholic drinks affect the 
heart muscle very differently. Decidedly the worst of the alcoholic 
drinks, as far as the heart is concerned, is beer. The poisonous effects 
of alcoholic drinks are especially seen in women and children. How 
often does a woman, a child, a pupil pass for a long time as nervous 
and affected with nervous palpitation until the experienced physician 
discovers the alcoholism! It must be noted that in women, in young 
people and in all individuals with weakened hearts and feeble nervous 
systems very small quantities of alcohol act deleteriously and produce pal- 
pitation. Nervous individuals often show very pronounced intolerance 
for alcohol. A glass of wine is enough to produce disagreeable flushes 
and hyperemia of the head, throbbing of the pulse and insufficiency of 
circulation after any considerable muscular exertion, so that the patients 
themselves soon realize that they must avoid all alcoholic drinks. But 
it would be erroneous to suppose that alcohol produces cardiac and vaso- 
motor disturbances and nervous excitement only in women, in young or 
feeble individuals and in convalescents; it causes the same symptoms 
also in cases of chronic alcoholism in men. The chronic drunkard very 
often shows the symptoms of irritable weakness of the heart in combina- 
tion with general nervous over-excitability, and it is often difficult to find 
out the true nature and origin of such a “nervous heart” if the patient 
does not confess his former alcoholism. 


| 
| 
| 


18 NERVOUS AFFECTIONS OF THE HEART. 


When we are considering the toxic agencies acting upon the heart 
we must not forget the bacterial toxins. After infectious diseases, severe 
scarlet fever, typhoid fever, aad especially influenza, there remains often, 
not only for months but for a year and more, a state of cardiac impair- 
ment which closely resembles the irritable heart of nervous individuals. 
Any excitement or exertion produces an increased pulse rate and distress- 
ing palpitation. But muscular work leads in such cases not only to pal- 
pitations but also to dyspnea and a feeling of oppression which makes 
it impossible to continue the work. 

The history alone in such cases may lead to the realization that we 
have to deal not with a nervous heart but with one weakened by in- 
fectious disease, although sometimes the patient himself has nearly for- 
gotten that his heart failure dates from the recovery from acute disease. 
In other words, the injured and enfeebled heart responds to all impulses 
with abnormal irritability and the “irritable heart” is, so to speak, often 
nothing else than a weakened heart. 

In this connection we must mention also the excessive cardiac irri- 
tability and acceleration seen in many patients with tuberculosis. The 
toxic products of the tubercle bacillus act on the heart as well as on the 
temperature. In cases of debility and of loss of weight, combined with 
palpitation and slight elevation of temperature, the physician will often 
find the greatest difficulty in judging whether the case belongs to hyper- 
thyroid or nervous heart or to beginning tuberculosis, especially since 
tuberculosis in its earliest stages is so extremely difficult to diagnose. 
Yet it is well to remember that in tuberculosis the heart appears com- 
monly very small in size when examined by Roentgen rays, and that the 
hlood pressure is below the normal level. Tuberculin injections may help 
the diagnosis. As a result of a prolonged rest cure in tuberculosis we 
sometimes see that the heart becomes more and more feeble and irritable. 
‘Too long continued confinement to the bed or the reclining chair weakens 
the heart decidedly and makes it unaccustomed to adapt itself to museu- 
lar exertion, 

The disturbances of the heart which we see frequently in connection 
with affections of the serual organs deserve especial attention. In preg- 
naney, especially during the first three months, we not infrequently meet 
with arrhythmia of the extrasystolic type, which is sometimes believed to 
be of nervous origin; but, as we have mentioned above, extrasystolic 
irregularities should rather direct our attention to the myocardium than 
to the nervous system. We see heart affections manifesting themselves 
in connection with pathologic processes of the uterus and its appendages, 


especially in myoma and in inflammatory exudations and adhesions, to 
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a much higher degree than in the normal state of pregnancy. Cardiac 
disturbances, tachycardia and arrhythmia appear or increase during the 
menstruation, and they sometimes pass during this period to actual 
delirium cordis. If we find in a case of myoma a heart which is not 
able to withstand chloroform narcosis, which suddenly stops during or 
soon after operation, and which finally appears at the autopsy as a flabby, 
soft organ, we may be sure that this is the final stage of a condition 
which in its beginning had for vears wrongly been called nervous cardiac 
trouble. 

In further connection with the sexual organs stand undoubtedly the 
so-called nervous palpitation, the cardiac and vasomotor disturbances 
which occur in the climacteric period. Besides palpitation and occa- 
sional cardiac enlargement there appear often most disagreeable vaso- 
motor symptoms, which lead to all kinds of falsely interpreted organic 
sensations and excitements, and the same symptoms may appear, even 
to a much greater extent, when after the surgical removal of the sexual 
organs a premature climacterium is produced in younger women. I have 
often observed in the cases of climacteric cardiac affections that the 
blood pressure was raised to a high degree. 

At the beginning of sexual development, in boys as well as in girls, 
there often occurs pronounced excitability of the cardiac action, with 
strong palpitation, and sometimes with enlargement of the area of heart 
dulness and loud murmurs. These murmurs lead to diagnostic difficul- 
ties and to the erroneous supposition of a valvular disease. This heart 
of adolescence may lead to stormy manifestations, especially when the 
sexual desire undergoes an unnatural excitement and gratification. The 
heart of masturbation, which Krehl has described, is not a rare thing. 

It is rather difficult to explain the connection between the sexual or- 
gans and the cardiac and vasomotor system. Is it a reflex mechanism go- 
ing through the nervous paths or is there an inner secretion from the 
sexual organs like that of the thyroid or the suprarenal gland? The ex- 
periments of the last years, especially those of Starling, give more 


emphasis to the second hypothesis. Yet we see in all these cases that 


nervous symptoms are very prominent, sometimes of a hysterical charac- 
ter, and there is no doubt that the sexual heart affections occur especially 
in individuals with nervous constitutions. 

Not infrequently do we see in connection with obesity a certain irri- 
tability of the heart, often years before the symptoms of true cardiac 
failure appear. A quick pulse rate is met with particularly in those 
obese individuals who are unaccustomed to any physical exercise, who 
drive instead of walk and avoid all muscular exertion. Muscular strain 
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produces in such patients a high pulse rate, palpitation, and sometimes 
some cardiac oppression. ‘The patients themselves are very often in- 
clined to think that they are suffering from nervous heart, especially 
those who do not like to admit that they are too corpulent. But this is 
not a nervous heart; it is in truth the weakened or untrained heart of the 
unexercised individual. The strength of the heart stands in some rela- 
tion to the strength and development of the other muscles of the body. 
A loss of general muscular strength, whether it be due to disease or 
starvation or to want of exercise, is commonly accompanied by a loss of 
cardiac strength, and there is no better way to increase the strength of 
the heart than by carefully regulated general muscular exercise. 

We have seen how many pathologic conditions may simulate the 
nervous heart and how easily an error of diagnosis may arise. Indeed, 
it must be acknowledged that the more thoroughly a physician examines 
his patients the more rarely he will come to the diagnosis, “nervous 
cardiac affection.” This diagnosis is only permissible after the exclusion 
of every other possibility. It would surely be erroneous to deny alto- 
gether the existence of the nervous heart, but we must insist that this 
diagnosis be made only when proof is afforded that there is no failure of 
the cardiac muscle present, and where the history and examination of 
the patient shows the presence of general nervous irritability and debil- 
ity, for only in markedly nervous individuals can we base cardiac dis- 
turbances on the nervous system alone, and only then when the cardiac 
symptoms show the clinical character above sketched. 


Paroxysmal tachycardia is rightly included among the nervous dis- 
eases of the heart. Suddenly, and often without previous warning, a 
cardiac frequency of 160 to 200 or more beats sets in, and after some 
hours or some days the normal rhythm is suddenly restored, often accom- 
panied by the eructation of gas. Paroxysmal tachyeardia may represent 
a primary nervous disease and is then closely connected with migraine 
and sometimes with its worse brother—epilepsy. I believe that paroxys- 
mal tachycardia is often to be considered as an anomalous or disguised 
form of these strange diseases, and it shares with them the uncertainty 
and the hopelessness of therapy. Some fatal cases have been reported 
where paroxysmal tachycardia was connected with syphilitic changes or 
other organic derangements in the vessels of the basis cerebri and the 
medulla oblongata. Sometimes attacks of similar character appear as a 
complication of already existing organic valvular or myocardial disease. 
If by chance we can observe the onset of such a tachycardial attack we 
can readily recognize that first single, and soon more and more frequent 
interpolated systolic contractions appear during diastole, till finally the 
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heart rate is exactly doubled or quadrupled. Not only the diastolic rest 
but also the systolic contractions become very short, and we remember 
from experiments that the shorter the contractions the shorter becomes 
the refractory period of inexcitability. 

The manifestations of paroxysmal tachycardia can not be otherwise 
explained than by the hypothesis that through central nervous influence 
the irritability of the heart muscle increases to a very high degree, al- 
though it is not yet possible to explain by what particular mechanism 
those influences appear so suddenly and disappear at once again. 

Every lecture on a clinical subject should conclude with a considera- 
tion of therapeutics, since all our efforts, scientific research as well as 
practical work, are directed toward the single aim—to help sick man- 
kind. In the case of true nervous cardiac affections it may be said that 
treatment which is directed toward the heart itself almost never results 
in benefit. Indeed, digitalis, caffein, strophanthus and other similar 
remedies rather do harm than good and they are not able to diminish the 
increased heart rate and palpitation. Yet there is an exception to this 
rule; if a primary nervous cardiac disease has finally led to actual 
cardiac insufficiency, to dilatation, edema and arteriosclerosis, then the 
above named remedies, and especially also the diuretics, prove of great 
value. 

The treatment of the true nervous cardiac diseases must be directed 
exclusively against the general nervous condition, and particularly we 
must try to remove its cause, whether it be overwork or indulgence 
in excitement of any kind. Above all, we have to remove the patient 
from the environment, the “milieu,” which has provoked nervousness, 
and that is very often his own family. A sojourn in an agreeable and 
quiet country place may be of the greatest benefit. High altitudes, such 
as Switzerland or the Tyrolese mountains, especially are apt to bring 
great improvement, while the seashore, on the contrary, often proves to 
have no good influence. ‘The study of climatic influences deserves much 
attention. Altitude in particular has a most wonderful effect on the 
heart, the blood vessels and the blood itself, and individuals with nervous 
constitutions and with cardiac and vascular diseases are very markedly 
affected by it. 

It is not wise to send nervous patients to watering places like Nau- 
heim and to treat them with such measures as carbonic acid baths or 
alternating electric currents. Such “cures” should be avoided because 


they prove more exciting than calming, and because they direct the pa- 
tient’s attention too much to his heart, and bring him to the fixed idea 
that his fears of an organic cardiac disease are correct, and that the doe- 
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tor speaks of a nervous affection only to console and to deceive him. Very 
often we see that a nervous and hypochondriacal patient distrusts the 
physician who simply and truly declares that the heart is normal and 
the whole trouble a nervous or imaginary one, and much prefers to 
believe the one who says the heart is seriously attacked, who strengthens 
the patient’s fears and undertakes long and strenuous cures not at all 
to the patient’s benefit. 

Sometimes in such cases of hypochondriacal ideas it proves useful 
to outline the size of the heart by orthography with Roentgen rays, and 
to convince the patient from this diagram with the centimeter scale that 
the pretended dilatation is absent. But when we succeed in winning 
the confidence of our patient we must try to turn his attention away 
from his heart, to raise other interests and thoughts. For this purpose 
carefully directed muscular work, gymnastic exercises, walks, and even 
a little mountain climbing and every kind of outdoor treatment, are most 
useful. For in the true nervous cardiac affections muscular exercise has 
not a harmful but a good influence on the heart. Per contra, rest cures 
which are of benefit in every organic cardiac failure do harm to the nerv- 
ous heart, really weakening it and making it more and more unfit to 
adapt itself to any strain. Eventually we may be able so to educate our 
nervous patient that he learns to keep his feelings and emotions under 
proper control. ‘This stage once reached he may also be able to command 
to a certain extent the involuntary emotional movements, excitements and 
reflex actions of his inner organs so that he may no longer be a victim of 


their effects. 
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THE HEMOLYTIC REACTIONS OF THE BLOOD IN DOGS 
AFFECTED WITH TRANSPLANTABLE 
LYMPHOSARCOMA.* 


RICHARD WEIL, M.D. 


NEW YORK CITY. 


During the course of the present year I reported a series of experi- 
ments' on the hemolytic properties of extracts from organs and from 
tumors of dogs. I showed at that time that two sorts of hemolytic sub- 
stances could be extracted from tumors. One of these, which was present 
in undegenerated tumors, was thermolabile, and hemolytic only when 
activated by a substance extracted from the red blood cells. This first 
substance is comparable to a similar hemolytic amboceptor present in 
certain normal organs, e. g., kidney. At about the same time and inde- 
pendently it was shown by Friedmann? that a hemolytic substance could 
be extracted from the pancreas, which destroys the red blood cells of the 
same species, when complemented by some substance (probably of the 
lecithin group) present in the serum of certain other species. The second 
type of hemolysin is present only in necrotic tumors; it acts as a simple 
hemolysin, needing no complement. I ventured to suggest in my first 
paper that it is the second group of substances which probably passes 
into the blood, thus contributing to the anemia and the cachexia of 
malignant tumors. 

Since that time I have had the opportunity, thanks to the kindness 
of Dr. S. P. Beebe, of prosecuting this investigation along somewhat 
different lines. I have had at my disposal dogs inoculated with the 
same strain of tumor previously studied, in every stage of its growth. In 
some the tumors were actively growing, in others they were regressing, 
while still others were overcoming their tumors as the result of a passive 
immunity conferred by transfusion. Some of the dogs were in good 
condition; others were cachectic to the last degree. At the same time I 
have had a large number of dogs not affected with these tumors, for 
comparison ; some of the latter have been healthy, some cachectic. 

It was the object of the present research to study the serum of dogs 
which had been inoculated with tumors, and to determine whether it 
possessed any of the hemolytic power characteristic of extracts made 


* From the Huntington Fund for Cancer Research of the General Memorial 
Hospital. Laboratory work done at the Loomis Laboratory. 

1. Jour. Med. Research, Boston, 1907, xvi, 287. 

2. Deutsche med. Wochschr., Leipsig u. Wien, 1907, xxxiii, 585. 
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from the tumors themselves. In withdrawing blood from these animals 
and separating it into serum and corpuscles for further study, the fol- 
lowing observation was made: It was generally found that the serum ob- 
tained from animals with tumors was stained with hemoglobin, whereas 
that obtained from animals not having tumors was of the normal straw 
color. In other words, during the process of separating out in the icebox, 
the serum of tumor animals had destroyed a sufficient number of its own 
corpuscles to give it the characteristic tinge of hemoglobin. At the 
same time, emulsions of corpuscles from the same animals in salt solu- 
tion remained unchanged, demonstrating that the hemolysis was due not 
to the lowered vitality of the corpuscles, but to the hemolytic quality in 
the serum. 

The next step was to determine the effects of definite amounts of 
serum both of normal and of tumor dogs on their own and on other 
corpuscles. For this purpose, twenty-five dogs in all were selected, of 
which eleven had tumors and fourteen had no tumor history. All of 
these dogs were treated in the same fashion. The femoral artery was 
laid bare under morphin anesthesia, and from twenty to thirty cubie 
centimeters of blood was obtained from it. The major portion of the 
blood was allowed to coagulate for-the purpose of obtaining serum, while 
the rest of it was shaken up with glass beads, centrifuged, and made 
up into a 1 or 2 per cent. suspension in normal salt. The sera, and 
the corpuscles thus obtained on one day from a large number of dogs, 
were tested on one another on the following day. One cubic centimeter 
of serum was always added to an equal quantity of red cell emulsion, 
incubated for a few hours and transferred to the icebox, where it was 
allowed to remain over night; the results were noted the following morn- 
ing. In this manner, 226 separate serum-corpuscle combinations were 
examined. 

A record of one of the experiments will indicate better than any 
amount of description the type of result which was regularly obtained. 
The description of the dogs made use of in the experiment, and indi- 
cated by numbers in the table, is as follows: 


Dog 455.—Four tumors growing slowly for six weeks. Condition good. 

Dog 509.—Four tumors growing for two weeks very rapidly. Thin. 

Dog 4€0.—Spontaneous recovery from tumors, which were three in number, 
and were very rapidly absorbed six weeks before the experiment. Very cachectic 
animal, 

Dog 244.—Tumor almost completely absorbed, owing to repeated transfusions. 
Dog very cachectic. 

Dog 458.—Spontaneous recovery from tumors. In fine condition. 

Dogs 516, 517 and 518.—Normal. 

Dog 520.—Cachectic. No tumor history. 
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The following table shows the comparative hemolytic effects of serum 
from normal and tumor dogs on corpuscles. One c.c. of serum from 
each animal was mixed with 1 ¢.c. of corpuscles of each animal, in emul- 
sion. The record of each serum reads along the horizontal line. 


CORPUSCLES. 


1-455 2-509 3-458 4-517 5-518 | 60516 
= | 
Serum #-309........ - sl. sl. sl. sl. 
Serum #1-460....... ar + + + ++ ++ +4 ++ 
+ ++ + +++ | $++ | +++ +++ 
Serum ....... - sl. v. sh. sl. 
Serum VI-5i8 ..... : - 
Nore: — denotes negative reaction; v. ol. denstes very slight section: 38. denstes 


reaction ; + denotes moderate reaction; ++ denotes strong reaction; +++ denotes complete 
reaction. 


If the table be interpreted in the light of the preceding data, the 
following conclusions may be drawn from it: 

1. The serum of all the tumor dogs is distinctly more hemolytic than 
is the serum of non-tumor dogs. Of the tumor animals, the two cachectic 
examples (460 and 244) are more actively hemolytic than are the other 
three. 

2. There is a distinct difference in the resistance of the various cor- 
puscles to the destructive activity of the sera. ‘The corpuscles of the 
tumor animals are always more refractory than are the normal; they 
break down less rapidly and less completely. 

These two phenomena, the hemolytic activity of the sera and the 
resistance of the corpuscles of tumor animals as compared with other 
dogs, dominate the entire series of experiments. 

The cause of this difference has seemed to me to be a matter of some 
importance. It might conceivably be due to a difference in the tonicity 
or content in electrolytes of the serum, resulting in some obscure man- 
ner from the growth of the tumor. In order to determine this matter, 
each set of corpuscles was in every experiment subjected to the action, 
not only of a normal salt solution, but also to one of a 0.4 per cent. 
and one of a 1.6 per cent. strength. It would seem that the degree 
of anisotonicity represented by these solutions must far exceed that of 
any serum obtained from a living animal. Nevertheless, the activity 
of the resulting hemolysis was in no way comparable to that produced 
hy the sera. The general condition of the animals can not be held 
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responsible, inasmuch as some of the controls were much more emaciated 
and cachectic than some of the tumor dogs. The hemolytic power of 
the serum resides, therefore, in some other factor, at present undeter- 
mined—possibly the same toxins as were extracted from the tumors in 
the experiments which I previously reported. 

The apparent coincidence of poor general condition and marked 
hemolytic activity is quite striking, and might at first sight impose as a 
“propler hoc.” Tt has, however, been pointed out that dogs in worse 
general condition, but without tumors, show less activity in hemolysis. 
On the other hand, it is perfectly justifiable to interpret the “poor con- 
dition” as a resultant of the toxic character of the circulating serum, 
which manifests itself in the test tube by hemolysing the contained red 
cells. Two exceptions occurred to the general rules above described. 
Dog 125, whose tumors had regressed owing to three successive trans- 
fusions, in good condition, possessed a serum of slight hemolytic power 
and corpuscles of slight resistance. Whether this was due to the pre- 
dominance of normal blood in his vessels, | leave undecided. The second 
case, Dog 638, normal, has a markedly hemolviie serum, but non-resist- 
ant corpuscles. This dog had proved naturally immune to a sarcoma 
implantation. It may also seem contradictory that dogs which had 
recovered from their tumors, either spontaneously or as the result of 
transfusion, should still retain the hemolytic character of their serum 
to an excessive degree. The fact is, however, in accord with what is 
known of the clinical absorption of tumors. If, owing to an excessive 
use of x-rays or the mixed toxins, a tumor breaks down too rapidly, its 
absorption may lead to extreme intoxication of the organism, and even 
to death. Thus the disappearance of the tumor goes hand in hand 
with the circulation of the toxic products which have been absorbed. 
How long an animal may retain these products in his circulation is still 
to be determined. 

The bearing of these experiments on the problem of the anemia 
accompanying malignant new growths is manifest. They demonstrate 
that the growth of tumors causes the development of toxie qualities in 
the blood serum, the exact nature of which has not been determined. It 
is suspected, however, to be due to the absorption of hemolytic sub- 
stances previously demonstrated in the tumors themselves. 

The bearing of these experiments on the practice of transfusion in 


curing the tumors of animals, or of men, is important. As is well 
known, the operation has been performed a number of times in dogs with 
some success. It is quite evident, however, that to mix the blood of dogs, 
either of which is hemolytic for the other, would entail the destruction 
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of a very considerable number of corpuscles, and so would, in part, 
defeat the very object of the transfusion. There can be no question that 
the test-tube reactions may be taken as a very good indicator of what 
would happen were the same bloods to be mixed in vivo by transfusion. 
Of this fact we have had indubitable evidence in the hemolysis resulting 
after transfusing the blood of one dog into the vessels of another whose 
serum had been shown to destroy the corpuscles of the former in test- 
tube experiments. (These experiments have not yet been published.) 
It is clear, therefore, that every transfusion should be logically preceded 
by test-tube reactions, and that only those animals should eventually 
be selected whose serum and corpuscles are mutually tolerant. 

On the bearing of the experiments on the subject of human disease I 
must, for the present, forbear to enter. A considerable number of 
observations already completed go far to indicate that the results in 
dogs illustrate conditions which have a parallel in the blood of human 
cancer cases. On this important point, however, much information 
must be collected before final conclusions can be drawn. 

My thanks are due to Dr. Beebe for his constant encouragement and 


help during the course of this research. 


163 Eighty-sixth Street, 
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TRICHOMONAS HOMINIS INTESTINALIS; A STUDY OF 
ITS BIOLOGY AND ITS PATHOGENICITY.* 


HUGO A, FREUND, M.D. 
DETROIT. 


Of the parasitic protozoa that infest the gastrointestinal tract, the 
flagellates merit more attention than is usually accorded them. Ameri- 
can observers, who have interested themselves in gastro-intestinal par- 
isitology, and particularly with the monocellular group of organisms, 
have attached little importance to this by no means uncommon group. 
English writers, too, have published scarcely any reports of intestinal 
diseases with which this class of organisms is associated. Continental 
clinicians, on the other hand, have been more active. Every now and 
then reports of cases of “intestinal catarrh,” “protozoan diarrhea,” and 
the like, find the flagellates playing a not inconsiderable réle. 

The flagellates come under the large group of Plasmodroma (Doe- 
flein), and are of the class of Mastigophora (Diesing). We find the 
subclass of Flagellata (Biitschli) divided into two divisions of Monadina 
and the Jsomastigoda. Of the former the cercomonas is the representa- 
tive. ‘The latter is divided further into two families—the megastoma 
entericum (Grassi), typifying the Polymastigina, and the trichomonas 
(Donné), typifying the Tetramitina. The species of Trichomonas that 
interests us particularly in this study has further been subdivided by 
some authors according to their morphology or according to the part 
of the body in which they are found. 

We are indebted to Donné, who discovered the parasites in gonorrheal 
vaginal secretions, for the first accurate description. Trichomonads have 
since been found in other parts of the body, and in their early history 
usually associated with some pathologic process. Owing to imperfect 
observations and, at times, faulty descriptions, these protozoa have been 
confounded with the Cercomonas of Davaine, with the Megastoma enter- 
icum, and, in one instance, with the Balantidium coli. Much of this 
confusion was due to the inferior methods of observation emploved at 
that time. Other workers, even in recent years, unacquainted with previ- 
ous work on the organisms, have given them different names, so that 


many of the reports are misleading. 


* From the Med’cal Clinie of Pref. George Dock. 
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Leuckart, in 1863, did more to untangle the conflicting ideas than 
any one other investigator. But clinicians, particularly, still persisted 
in naming these organisms after earlier writers. Ekecrantz and Tham’s 
parasites were undoubtedly cercomonads identical with the smaller forms 
described by Davaine. Marchand found in them a case of typhoid ‘ever 
and, though without undulating membranes, they doubtless were tricho- 
monads. Grassi endeavored to make finer distinctions than had_pre- 
viously been attempted, and was forced to name some “new” forms. Thus 
Monocercomonas hominis and Cimenomonas sprung into the literature. 
Most of the parasites in his 100 cases were trichomonads. In Leukart’s 
second edition of “Die Parasiten des Menschen” we find an accurate 
classification which the additions of Cunningham in 1881, and Bloch- 
man a few years later, did not materially improve on, but swhetantiated 
in all important details. 


The most important habitats of the trichomenad= have been in the 
intestinal tract and vagina. In the latter place they have never had any 
pathologie meaning: in the former their presence has given rise to many 
conflicting opinions as to their significance. Other organs of the body 
have been infected by them, and much of the interest that is attached to 
the parasites has grown out of their presenee in such localities. Kannen- 
berg, Litten, Streng and Setrmidt have found them in tuberculous and 
non-tuberculous eavities of the lungs. [n recent vears Rappin, Leyden 
and Prowazek have come across them in the oral cavity, while in 1904 
Theobald and Galli-Valerio observed these flagellates in cases of carci- 
noma of the jaw. Kruse and Pasquale, Lambl and Cunningham have 
found them associated with other parasites in cases of liver abscess. A 
most uncommon and unique case is reported by Hunt, in which the 
trichomonads occurred along with streptococci in a walled-off perineal 
abscess. It is only during the past few years that the finding of flagel- 
lates in stomach contents have been reported. Hensen in 1897 en- 
countered the trichomonad in a case of carcinoma of the cardia. Since 
then Strube, Leyden Cohnheim, Rosenfeld and Zabel have met with the 
trichomonad under like conditions. Emerson believes that it has a dis- 
tinct diagnostic value in such cases. 


It is the occurrence of this organism in the intestinal tract that inter- 
ests us most in this paper. Ingested with the food, the trichomonad 
probably thrives best here, in an alkaline medium. For this reason, and 
because the feces are here in a liquid state, the small intestine no doubt 
harbors most of these parasites. It is, therefore, in the freshly passed 
feces in all cases.of enteritis that we should seek them. It was especially 
after Roos’ work that more active search was made for flagellates in 


4 


30 TRICHOMONAS HOMINIS INTESTINALIS. 


diarrheic stools. Though Cahen in 1891 found a cercomonad in a six- 
months-old babe, Epstein’s series in children was the first in which a 
pathogenesis was strongly suggested. His excellent report on Monocer- 
comonas Diarrhea was followed by the groups of cases of Kruse and 
Pasquale, Piccardi, and Schiirmayer. Janowski’s discussion of the sub- 
ject of flagellate diarrhea in 1897 is the most comprehensive review that 
has appeared, Skaller in 1898 contributes a case of much interest, and 
follows with numerous opinions regarding the action of the trichomonad 
on the intestinal wall. Ucke was the next observer to interest himself 
in these organisms. He reported the largest number of cases, forty, in 
which the trichomonad was associated with diarrheic stools. Osborn 
found the trichomonad in a case from this clinic along with the ameba 
and two larger parasites. Terry in 1905 is the only American writer, 
so far as I can learn, who has made any observations on trichomonad 
diarrhea. The cases that he reported before the Chicago Pathological 
Society are of importance. During the year 1906 Castellani, Biland and 
Krause published their observations on several unusual cases. That of 
Biland is of value especially in that it contains strong arguments for 
the pathogenesis of the trichomonad. New text-books appearing during 
the past few years have given more attention to these intestinal flagel- 
lates, so that a perusal of many of these will convince one of the growing 
clinical importance of the trichomonad. 


To unravel the faulty nomenclature that has woven itself about the 
trichomonad, both from the improper regard of previous work and from 
faulty observations, would be unprofitable. Such terms as Monocerco- 
monas hominis (Grassi, Epstein), Cimanomonas (Grassi), Bodo uri- 
narius (Hassall), Cercomonas coli hominis (May) should be discarded. 
They are all one and the same, and the term trichomonas is fitting for 
them all. Recent observers have considered the Trichomonas intestin- 
alis, vaginalis hominis pulmonalis, ete., different forms. Prowazek, es- 
pecially, finds distinctive marks of differentiation. The majority of in- 
vestigators do not agree in this, however, and from the descriptions of 
authors who have examined the various forms with care [I can discover 
no essential differences. The most striking that I met with were the 
variations in the undulating membranes that were long in all of my 
cases and are usually described as extending along only a part of the 
body in the 7. vaginalis. I have been unable to get material for com- 
parative study, but, relving on the recent and trustworthy descriptions 
of Janowski, Dock, Schaudinn, Cohnheim and Schmidt, I am led to the 
conclusion that we should place all these forms under the genus T'richo- 
monas as Classified originally by Braun. 
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Against the fact that these flagellates are the same as those found 
in lower animals, much evidence exists. Inoculation experiments from 
man to lower animals, as will be described later, have notably failed. 
Moreover, their structure is in many ways dissimilar and their mode 
of reproduction unlike. Hence I am strengthened in the belief that 
the designation of the entire group of trichomonads found in man under 
the group of Trichomonas hominis is justifiable. The appending of 
their abode would then be a matter of choice, serving merely as a more 
complete classification for comparative work. 


Morphology.—Though much has been written on the morphology of 
these parasites, their finer structure still invites investigation. Nor 
are all the grosser details of these parasites definitely settled. A glance 

at the many drawings by as many different observers is proof of the 

insufficient work that has been thus far carried out. In outline the 

trichomonad resembles, roughly speaking, an apple seed. It departs, 

however, from this form in a variety of ways, assuming elliptical, spindle, 

’ pyriform, irregularly elongated, comma-like and globular shapes. When 

actively motile, it is continually varying its outline, as it accommodates 
itself to its surroundings and its direction of motion. The smaller forms 

preserve the more typical outline, whereas the larger ones generally 
manifest the more grotesque. The body is perfectly rounded, not flat- 
tened as many have observed. Of this I have no other proof than that, 
as often as I have seen the body, either from its anterior or posterior 
pole, it has never presented any other than a globular form. 

The size of the trichomonad is as variable as its outline. The voung 
forms are the smaller, whereas the mature trichomonads are at times of 
unusual size. It is of interest to compare the measurements of several 


observers : 


Marchand 13x7.5-9 microns. tail microns 
Miura*. .17x12 microns. tail .6 microns 
.15-22x10-15 microns 

Blochmann. . 15-23 microns 

Bouchard. . . .10-15x7-10 microns maximum length. .30 microns 


Biitschli. 
Davaine 
Donné. 


Galli-Valerio. 


-up to 40 microns 
.8-10 microns 

8-18 microns 
.18-19x9-10 microns 


Krause. . .13-15x7-8 microns 
Leukart. .10-15x7-10 microns 
Prowazek.... .12-24x8-16 microns 


* He gives the flagella from 8 to 10 microns in length. 


Accurate measurement is well-nigh impossible in a 
A loss of motility on its part means an alteration in its 
Then, too, the length of the tail must be 


trichomonad. 
vitality as well as form. 


normal active 
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added to that of the body, as the division between the tail and the body 
can not be determined with certainty in the active form. I have made 
a series of measurements whose average tallies with that of Prowazek, 
Dock and Miura. The smallest form that I encountered was 9 microns 
in length and 6.5 microns in width. The largest was 32 microns long 
and 19 microns wide. The average organism was 17 microns in length 
and 10 microns in width. That the same organism, on account of its 
labile protoplasm, can increase its length and decrease its width and 
vice versa is obvious. 

The organism is distinguished in its active state by the refractive 
powers of its protoplasm. It has a distinctive sheen not unlike a bit of 
ground glass, held up to strong light. With highest amplification 
the protoplasm shows fine granulations resembling very closely the pro- 
toplasm of an unstained leucocyte. When the organisms grow older the 
granules are darker, either coalescing to form more distinct masses, or 
appearing more distinct in contrast to the minute vacuoles that form 
in the protoplasm. I have never been able to see a limiting membrane 
either in living or in stained specimens. When a weak corrosive sub- 
limate solution is allowed to touch the organism the part first affected 
suddenly coagulates as any albuminous substance will, and gives the 
appearance of a cuticle. This is but momentary, for the same action 
quickly extends to the remainder of the protoplasm. There are, how- 
ever, two distinct parts to the cell that can be differentiated. The ecto- 
plasm is a transparent homogeneous layer. The flagella, the ‘undulat- 
ing membrane and the tail spring from and are a part of the ectoplasm. 
The flagella are very delicate, narrow and continuous with the granular 
ectoplasm in the healthy organism. Carefully stained specimens, under 
high amplification, show them to be a part of the above named struc- 
tures that are concerned in the motive powers of the organism. With 
any of the ecsin-methylene-blue stains they assume a pale, gravish-pink 
hue. The ectoplasm is capable of motility in any part, as is shown by 
the formation of pseudopodia in some forms during the late stages in 
life, and it can resist the destructive influence of reagents longer than 
the endoplasm, and mould the form of the body. 

The flagella occupy the anterior or rounded end of the trichomonad. 
Although Dock determined in the Trichomonas hominis vaginalis four 
distinet flagella, their number in the 7. intestinalis has been variously 
given. I have examined a large number of trichomonads to determine 
the number of flagella, using freshly passed specimens of feces from 
each of my cases each time. I have never seen an active, normal-appear- 
ing organism with more or less than four flagella. While watching an 


Fig. 1.—1, 2, 3 and 4, trichomonads from bladder (after Dock) stained with 
methylene blue; 5 and 6, parasite from typhoid stool (after Marchand) ; 7, after 
Grassi; 8, after Zunker; 9, after May; 10, after Roos (Marchand’s parasite) ; 
11, after Roos (Davaine’s parasite) ; 12, cyst (after May); 12-a, 13 and 14, cyst 
forms (after Roos); 15, 16 and 17, Lambl’s parasites; 18, cim#enomonas 
(Grassi) ; 19, monocercomonas (Epstein) ; 20, cercomonas coli hominis (May). 


aA 


5 6 7 s 9 


Fig. 2.—Trichomonads. 1, longitudinal division; 2, cyst; 3, 5, 8 and 9, normal 
trichomonad ; 4, spore form; 6 and 7, dead trichomonads, 


A B Cc 
Fig. 3.—Stained trichomonads. A, 1380; B, 1500; C, 


Fig. 4.—Uleer from colon, «48. 
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organism, I have frequently seen it lose one, two, three and even all its 
flagella. I have seen them become intertwined, giving the appearance 
of one or two thick flagella, or they have become inactive and dropped 
alongside of the cell out of focus. I am firmly convinced, however, that 
every normal trichomonad is possessed of four of these slender lashes at 
some time during its existence. The flagella spring not from a single 
point, as some have said, and the remainder taken for granted, but from 
a small elevated area at the anterior end. Marchand described a rostrum 
from which they arose. In this I partly agree with him. In the lateral 
view, in which we see most of the forms, an old and slowly moving form 
will show the bases of three in a row, the center the most prominent, the 
two lateral a trifle out of focus. The fourth is invisible, because its 
origin is opposite the middle flagellum. The ectoplasm at the point of 
emergence of the flagella is thicker, forming a slight projection. An 
anterior view shows four distinct points of origin, especially when each 
flagellum is everted (see drawings). The length of the flagella is vari- 
able. They average about nine microns. Roughly, they are as long as 
the body of the trichomonad itself. They are about one-fourth micron 
in thickness, and of the same breadth at the tip as at the base. Their 
ends are rounded. They are homogeneous and impart the same shimmer- 
ing appearance as does the remainder of the ectoplasm. 

Extending backward along the body of the trichomonad in an oblique 
or curved line from the base of the fiagella, to and continuous with the 
tail, runs the undulating membrane. Its free border is longer than its 
line of origin. Consequently it lies in folds, giving it an escalloped and 
plaited effect, which, when active, shows waves running anteriorly and 
posteriorly. Early it was taken for a row of cilia of varying length. 
Many of the recent writers describe it as running from one-half to two- 
thirds the length of the cell. It is seen with difficulty when at rest. Its 
course is best followed when the organism is moving slowly. When but 
slightly developed, as in the younger form, it resembles a short fin, oc- 
cupying only the anterior third or less. During the life of the few or- 
ganisms that I have been able to follow, however, the entire membrane 
has been visible at some time during its existence. On the other hand, 
I have seen a fully developed membrane become rapidly smaller as if 
some contractile power of the ectoplasm lessened its length and breadth. 
In older forms the membrane becomes lax and loses some of its high state 
of contractility. This can frequently be seen in the pseudopodia that 
are projected. These come from the membrane, but I have seen them 
in a few specimens as projections of the ectosare itself. There is never 
any inclusion of the endosare in these protrusions. Hence I am in- 
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clined to regard them as an evidence of oncoming dissolution and not 
of a physiologic function, such as is seen when the organism puts forth 
a portion of its entire protoplasm. 

The tail of the trichomonad, structurally, resembles and is a part of 
the undulating membrane. It varies in size from a tiny protrusion 
to a well-marked appendage. The longest measured a trifle over 6 
microns. It is conical in form and tapers down to a fi - filament in 
most cases. In fewer instances it has a blunt end. At times it is ab- 
sent, and, though I have never seen it absent from all the organisms for 
days at a time (as Dock saw in Trichomonas vaginalis), I have seen 
many examples in which the caudal end was perfectly round, with 
neither vestige of the old nor sign of the new tail. 

The endosare is the granular inner portion of the protoplasm and is 
composed of two parts. The hyaloplasm in the normal organism has a 
pale, grayish green shimmer. Scattered through it are many fine 
granules, with a few coarser, irregular masses in the central portion. 
Contracting vacuoles, though described by some, have never been met 
with in any of my specimens. Just prior to death vacuoles of all sizes 
are numerous, these coalescing after death to form one or more larger 
clear areas in the protoplasm. The nucleus, which is from one-fifth to 
one-sixth the size of the body, is situated in the anterior or rounded end 
of the trichomonad, a short distance posterior to the flagella. It is usuai- 
ly oval, with its long axis obliquely placed. The nucleus is surrounded 
by a distinct nuclear membrane. It is composed of coarse chromatin 
masses and contains, in most instances, a distinct nucleolus. When 
treated with corrosives or fixatives, the nucleus becomes more distinct 
and globular. The nucleolus is then seen as a dark elongated mass. 

An alimentary canal has been ascribed to the trichomonad by some 
observers. Davaine claims to have seen an oral cavity near the anterior 
end. Kiinstler described an alimentary canal consisting of a mouth and 
gullet. Others were unable to find it. Epstein, though he claims to have 
seen a mouth opening at the anterior end, admits he never say a trichom- 
onad engulf food. Bouchard says there is a mouth a little beyond the 
base of the flagella. It gives access for a tube of a definite length, ter- 
minating in granular protoplasm in which one can see many small color- 
“shallow depression or cleft near the 
insertion of the flagella, which no doubt has the function of the mouth.” 
He admits that it is uncommon. There is no doubt about the presence 
of a small depression near the flagella. This I have considered to be 
part of the undulating membrane dipping down before its first wave 
appears. It can be seen when the body is turned at such an angle that 
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this trough in the membrane assumes the appearance of a depression or 
cup. I have seen no esophagus nor granules or vacuoles at the base, as 
described by Bouchard. The manner in which the trichomonad gets its 
nutrition has been variously explained. It is possible that a pseudo- 
podial action assists in engulfing minute particles and bacteria. Or there 
may be a set of minute openings whereby pabulum can be drawn into 
the cell body. The only other method is by a process of absorption and 
osmosis whereby the nutrient substances are continuously being taken 
directly into the organism. Aided by its flagella (which set up a vortex 
that swirls toward its body) and undulating membrane, an ever-chang- 
ing current sweeps about the trichomonad. I have never seen bacterial 
or other inclusions, nor have any observers given positive proof of seeing 
such organisms in the act of feeding. 

Before taking up the additional features disclosed in the stained speci- 
men, a short description of the various methods employed to stain these 
organisms will be necessary. Litten first succeeded with a combination 
of eosin and methyl violet. All but the nucleus was stained. Streng, in 
working with the infusoria that he found in cases of lung gangrene, was 
unable to stain them, but found that Lugol’s solution brought out their 
flagella. Dock and Janowski, in 1896, experimented with many reagents 
and dyes. The former found that staining living specimens or speci- 
mens recently killed with weak corrosive sublimate gave the most satis- 
factory results. All the other fixatives worked poorly. Bichlorid of mer- 
cury kills the organism instantly, but produces changes in the proto- 
plasm that alter the true picture. Staining with methylene blue de- 
stroys the protoplasm still further and increases the number of artefacts 
that have sometimes been described as exceptional characteristics of the 
trichomonad. Acetic carmine may be employed to bring out the nucleus 
with good effects. The nuclear membrane, which is made especially dis- 
tinct by this method, has been questioned by some observers. Galli- 
Valerio has used carbolic fuchsin with excellent results. Prowazek used 
neutral red, a dye that had previously been considered inferior by other 
workers. He states that in one specimen he found fourteen cocci in a 
cell. Ucke, in 1903, employed thionin-eosin. The nucleus stained red by 
this method, and better differentiation was obtained than with any pre- 
vious method. Krause, in 1906, used May-Griinwald, staining but one 
specimen at all satisfactorily. This one good result with a triple stain 
was proof positive to me that by niodifying our methods success must 
eventually follow its use. 

The trichomonad has several peculiar properties. It disintegrates 
immediately on death of the organism and drying kills at once. There- 
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fore, to stain the parasite of the intestinal tract, immediate staining, 
following quick fixation, are the requirements that must be fulfilled. It 
is first necessary to mix some thin fixative with the stool rich in trichom- 
onads. Egg albumin suffices. Drying a thin, rapidly spread film with 
the aid of a moderate degree of heat is best. I employed almost every 
kind of fixative—heat, absolute alcohol, methyl alcohol, ether and alcohol, 
osmic acid, corrosive sublimate and formalin. Of these, none gave more 
unqualified satisfaction than the fumes of 1 per cent. osmic acid followed 
at once by one of the polychrome dyes in a solution of methyl alcohol. 
I used Romanowski, modified Romanowski, Wright, Giemsa and Mac- 
Neal mixtures, all modifications of the polychrome stains. Wright’s 
stain gave the best results, because I was more accustomed to manipulat- 
ing it and because of the rapidity of its action. In this manner I was 
able to obtain stained specimens of the trichomonad, staining differen- 
tially the nucleus, protoplasm and appendages. I have been unable thus 
far to stain an organism in its normal form. As the drawings and photo- 
graphs indicate, they become globular, a few remaining pyriform. This 
is readily explained. The moderate warmth and rapid drying of the 
film does not kill the organism, as can be demonstrated by quickly exam- 
ining such a partially fixed specimen with a one-seventh objective. The 
organism has lost some of its activity, however. Then follows immediate 
fixation and drying with the fumes of osmic acid. The alcohol of 
Wright’s stain further fixes the trichomonad, so that it is stained in that 
form. 

Examination of the stained specimen reveals new facts. The proto- 
plasm is dyed a deep blue and contains a few irregular vacuoles due, no 
doubt, to fixation. The nucleus occupying the anterior portion of the 
cell is stained deeply by methylene red, the chromatin resembling closely 
the nuclear material of a malarial parasite. It is dense, closely packed, 
and occasionally a darker area situated to one side suggests a nucleolus. 
The appendages are very pale. The undulating membrane can be seen 
in relatively few instances. It stains a grayish pink and continues into 
the tail, which stains a similar color. The tail tapers off gradually, some- 
times extending out into a long thin filament. Anteriorly the flagella 
appear as pale, drab-colored, fine filaments springing from the ecto- 
plasm as it is seen extending forward from the membrane. They lie 
close alongside of the body wall. 

The trichomonad is one of the most actively motile of the monocel- 
lular parasites. It has three different kinds of motion. The first is 
quick and jerky and has no constant direction. The second is due to the 
activity of the appendages and by its aid the organism swims about. 
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The third is pseudopodial. The trichomonad not only employs its flag- 
ella, undulating membrane and tail, but the natural contractility of the 
protoplasm is perpetually altering the shape and position of the organ- 
ism in the field. This power, I believe, lies in the ectoplasm mainly, and 
acts in conjunction with the appendages. Of these the flagella are the 
most active. When the organism is at rest, they float in wide curves in 
front of or at the side of the cell body. But when motion begins they 
start from the extended position and sweep down the body of the trich- 
omonad in a snapping, whip-like manner. They alter this motion fre- 
quently in that two act together on one side, or one or more remain 
inactive. It is in this way that the flagella, flapping against the side of 
the organism, set up currents that aid in propelling it forward. As each 
contraction beginning in the flagella sets up its wave, it simultaneously 
transmits this wave to the undulating membrane. Thus the wave travels 
from the anterior pole of the cell quickly backward in from three to six 
undulations into the tail. These waves, started in rapid succession, keep 
up incessantly, and give the membrane an appearance not unlike flowing 
water. The undulating membrane has several purposes. It keeps an 
ever-changing current of fluid about the body; it acts as an organ of 
locomotion in a small degree, and serves as a keel at times. The tail 
takes an active part in locomotion. Both by virtue of its long tapering 
end and its power it forms the most active organ of propulsion. This is 
especially borne out by the diminished activity in those forms that have 
lost their tails. 

The trichomonad has a further function (described by Marchand in 
1875), that of putting forth pseudopodia. This process differs from the 
prolongations of the ectoplasm previously described. It occurs but rarely 
in the intestinalis, though it is often seen in the vaginalis. The pseudo- 
pod consists of a prolongation of both the ectoplasm and the endoplasm. 
It is protruded slowly and usually remains as a projected part of the 
protoplasm for some time. It does not have the flowing motion as is seen 
typically in the ameba, and it retracts again very slowly. Prowazek 
has observed these protrusions in the 7’richomonas lacerate. In his 
instances the nucleus, undulating membrane and flagella divided before 
the protoplasm was finally constricted. He believed it to be a process of 
direct division. Dock described some very pretty examples and as- 
cribed the function of pseudopodial formation to that of nutrition. | 
have sought diligently and have seen but an occasional poor specimen 
in an old cell. These organisms soon died, so that I can neither affirm 
nor deny the views of either observers as to the function of the pseudo- 
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The trichomonad is susceptible not only to chemical reagents, but 
heat and cold also markedly influence it. It can live in slightly acid, 
neutral or alkaline media. Heat of 45 degrees C. quickly kills the or- 
ganism. Cold has the same effect in that the organism lives but one- 
half hour at 20 degrees C. The longest I have ever been able to keep 
any alive and active on a warming stage has been forty-two hours 
Placing some of the infected material in an incubator, a few sluggish 
forms could be detected at the end of sixty-six hours. Unlike amebe, 
these organisms do not respond to the slight heating of the slide on 
which they are spread after their motility has once diminished. The 
first sign of oncoming death of the trichomonad is a lowered motility, 
especially in the short, quick, characteristic jerky movements. Then fol- 
lows a lessening in the activity of the appendages. The flagella are seen 
in any position waving irregularly. The undulating membrane becomes 
more distinet ane ‘ts waves-are slower. The tail ceases motion, too. The 
body assumes a more globular shape and masses of the protoplasm heap 
together to form darkened areas. Vacuoles appear in contrast. These 
soon coalesce to form larger, clearer areas. Soon the membrane disap- 
pears, together with the tail and the flagella. The cell becomes darker, 
denser and more globular.’ Suddenly it plasmolyzes and seldom a vestige 
of the cell remains. 

It is impossible to cultivate these organisms. Growth under anaé- 
robic conditions has so frequently failed that I made no further attempts. 
I tried, however, a process of fishing for these organisms with a fine 
platinum wire under a one-fourth power objective, and transplanted 
them to a culture medium of coli communis of proteus vulgaris, and of the 
mixed growth. I incubated two, six and ten hours. I was unable to find 
them afterward in any instance. Then I tried to transplant them to the 
mucosa of the gut of a sheep and of a pig by transferring loopfuls of 
fecal material rich in trichomonads to the partly cleansed gut of these 
animals, kept in a moist chamber at body heat. Here, too, my parasites 
died. Finally, I endeavored to infect the alimentary tracts of numerous 
animals, employing the cat, dog, rabbit and ,uinea-pig. I injected small 
amounts per rectum and also mixed fresh material with their food at 
various times. No diarrhea resulted, nor could I find trichomonads in 
the subsequent passages of these animals. 

The important question now arises as to how these parasites reproduce 
if they are so short lived outside of the human body and no trace is left 
of them after death. It has long been known that direct division is 
common among all monocellular organisms. Monocellular parasites also 
have the power, after passing through a definite cycle, of forming bodies 
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more resistant than themselves that are readily disseminated, and capable 
in proper soil of forming new adult organisms. The flagellated are not 
the lowest in the scale possessing this power of reproduction and propa- 
gation. They possess both the power of direct cleavage and cyclical divi- 
sion or “spore building.” It is not uncommon to see splitting take place 
in the trichomonad. Fresh specimens, on a warming stage, frequently 
show forms in different degrees of division. Lambl, in 1859, probably 
was the first to see dividing occur, though his description is vague. 
Pfeiffer, Kiinstler, Cunningham, Bouchard, Marchand and other observ- 
ers describe division quite accurately, they having seen it take place in 
specimens from the stool, urine and vagina. It occurs with varying fre- 
quency. The cleavage is longitudinal, there being equal splitting of the 
undulating membrane, as well as of the flagella, tail, nucleus and body.* 
It requires from forty minutes to one and one-half hours for complete 
division to take place. As soon as the parasites have become partially 
divided, a continual tugging motion is set up until finally they split 
into two small active forms and swim away rapidly. 

Though much doubt exists in the minds of many investigators as to 
the existence of a definite cycle, the formation of cysts or spores has 
been quite generally observed. Nothnagel, in 1881, so far as I can de- 
termine, first described cyst forms or “Dauer-sporen.” He thought they 
were dead monads. Perroncito, in 1887, claims to have seen cyst forma- 
tion. The trichomonad dropped its flagella and tail, became globular, 
and a dark exterior and a light interior became differentiated. Roos, in 
1893, speaks of encysted forms that appeared in one of his cases when 
the stool was free from motile forms. These were small, round, refrac- 
tive, greenish bodies, sharply outlined, immobile and with no inner 
structure. They varied from 5.5 to 7.5 microns in diameter. He also 
saw larger bodies, 14 to 17 microns, with distinct cell contour or double 
membrane, containing small, round, greenish bodies. These were found 
on various occasions in the stools. 

Contrary to these observations, Schmidt and Strassburger claim that 
cysts are not known. Epstein saw neither division nor cysts. Dock, 
though never having observed such forms, admits their possibility, say- 
ing, “it seems there must be some other method of reproduction than 
that by division.” In recent years several workers have seen spore bodies. 
Galli-Valerio saw cysts in a patient in which trichomonads were found 
in a cancer of the jaw. Theobald had a similar case. Ucke demon- 
strated that besides ordinary encysted forms, stages could be made out 


* Prowazek has noted a division into three in a form Trichomonas lacerate 
closely resembling and allied to the Trichomonas hominis intestinalis, 
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in cyst formation. In changing to the encysted form he saw the trichom- 
onad lose all its appendages and become round and later become oval 
again. I have frequently seen cysts in all the cases that I had the op- 
portunity to examine. I have never seen similar bodies in non-infected 
feces. They appear in increasing number, a few being seen one day, a 
great many the next, and the number then diminishing till no more are 
seen. Their appearance is not periodic. Contrary to some earlier ob- 
servers, a cyst does not imply a single encapsulated trichomonad capable 
of resisting severe influences and evolved solely for the preservation of 
the species. A cyst is a heavily encapsulated body containing two or 
more (up to twenty) small pale, greenish, shimmering spores about a 
central mass of cellular material, capable of spreading after rupture of 
the wall. From these small spores the adult trichomonad finally develops. 

Just what causes the trichomonad to undergo cyst formation has 
been in doubt. Whether copulation takes place or not, only continued 
observations can determine. Schaudinn, in 1903, mentions the union of 
two parasites. Previous to copulation the organisms lost their flagella 
and moved about by pseudopods. They united and their nuclei under- 
went several reductions from which cysts resulted. Krause last year 
described propagation of the trichomonad by copulation. Usually a 
Jarger form seized a smaller one, during which the flagella were inter- 
twined, thus uniting the organisms by their anterior ends. After sev- 
eral efforts on the part of the smaller form to separate from the larger, 
the two remained together from three to six minutes, moving actively 
all the while. The nucleus gradually sought the periphera and showed 
lively motion in its center. After several futile attempts the smaller 
tore itself from the larger and slowly moved away. ‘The larger, mean- 
while, showed unusually energetic motion. Here his description ends, 
no further mention being made of what became of either form. This 
observation of Krause I can substantiate by several that I have had the 
good fortune to witness in my cases. I have not seen the approach of 
the nucleus to the periphera, nor have I seen any interchange of nuclear 
material. The changes that took place after the separation of the two 
forms interested me mostly, in that the formation of cysts was thereby 
explained. 


I was able to observe one specimen on the warming stage in which 
two organisms, one smaller and one larger, united by their anterior 
ends. After active tussling motions for about four minutes, during 
which time both lost their tails and undulating membranes, the two 
forms separated, the smaller one floating to one side and the larger 
remaining quite active in the field. This motion presently became less, 
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when darker masses of protoplasm could be seen dancing throughout the 
cell. These soon collected in the middle, the outer part being taken up 
by globular, highly refracting greenish bodies. The cell was now motion- 
less. The membrane was distinctly double. There was a small indenta- 
tion at one edge, but I could not determine its nature. I have seen 
similar notches in many specimens since. With the view of determining 
what would become of the cyst, I watched it for six hours without not- 
ing any changes in its shape, size or activity. Cold water was run 
through the chamber of the stage without any effect. While allowing 
hot water to flow through I accidentally lost this cell. Since then I 
have applied heat to similar bodies. The first action is to cause them 
to swell up. Suddenly the membrane breaks and many little spores are 
set free. These soon die, probably from the effect of the heat. I have 
observed, from time to time, however, in infected stools, the presence 
of small, round, highly-refracting bodies with a single flagellum. They 
are from 4 to 7.5 microns in diameter and move about fairly rapidly. 
I have watched these for hours, but have never been able to keep them 
alive long enough to observe any other change in them but a decided 
growth and partial elongation. They suggest to me, however, young 
spores that have become active. 

This brings to mind an observation of May, made in 1892. He is 
certain that on the warming stage smaller forms with one flagellum and 
rapid ameboid movement are transformed into adult trichomonads. 
Their bodies lengthen to form a tapering end; projections of the proto- 
plasm slowly appear, following which they take on a more rapid motion. 
Gradually an undulating membrane forms and suddenly flagella appear 
May adds that he did not see the reverse take place. Whether the fore- 
going observations are the fragmentary evidence of a sexual evele, dili- 
gent and accurate work in these forms will alone determine. 


During my studies on the trichomonad I had the opportunity of 
observing the clinical course and symptoms of ten cases in which these 
organisms were discovered in the feces. These patients came with a 
variety of complaints, some relating solely to intestinal disturbances, 
others presenting the picture of some organic disease. A short outline 
of each of these cases will be given for the purpose of determining, if 
possible, the influence of the trichomonad as a causative factor in 
enteritis. 

Case 1.—The first case of this kind was in a male, aged 42, a photographer, 
who came to the medical clinic complaining of weakness on exertion, shortness of 
breath, pallor and diarrhea with watery stools, His father died of “bowel trouble” 
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after one day’s illness. His mother died of “nosebleed.” No other history of im- 
portance was obtainable. Eighteen months previous to his admission (Jan. 26, 
1906) the patient began to notice a change in his color and some loss of weight. 
In twelve months he lost sixty pounds. Three months ago his appetite began to 
fail him and weakness on the least exertion became pronounced. The swelling 
of his ankles has been recent. The diarrhea is of six months’ standing. The 
passages are not frequent, but are thin and watery at times. He has noticed 
“slime” in his stools, but never any blood. No tarry stools. There is a slight, 
constant pain in the rectum, but never any tenesmus. He has had intervals of 
eramping pain radiating all over the abdomen. At these times he did not note 
any exacerbation of the intestinal symptoms. 

The important features of the physical examination were the weak, flabby 
muscles, the lemon-colored, wax-like skin, the extremely pale mucous membranes, 
the bluish tinted sclerotics and the moderate edema of the lower extremities. 

Spleen, liver and kidneys not palpated. Rectal examinations showed a few 
small hemorrhoids, but no ulceration of any kind. The mucosa was very pale. 

As the blood examination showed, the patient was suffering from pernicious 
anemia in a severe form, red blood corpuscles 992,000, leucocytes 2,150, hemoglo- 
bin 23 per cent. A differential count gave 34.9 per cent. of small lymphocytes, 
1.8 per cent. of large lymphocytes, 3 per cent. of transitionals, 62.7 per cent. 
of polynuclear neutrophiles, 3 per cent. of mast cells. There were many micro- 
cytes, macrocytes and poikilocytes. One megaloblast and eight stipple cells were 
seen. 

The urine on admission was acid, dark reddish yellow, 1,014; no albumin; 
no sugar; no bile. A strong test for indican was present. The white, flocculent 
sediment was composed of leucocytes, a few squamous cells and bacteria. 

Test meals revealed achlorhydria, apepsia, a rapid motility, and a slight excess 
of mucus, 

The stool examined on February 2 was as follows: About one-half pint of 
light brown stool of creamy consistency, containing small flakes of mucus; no 
macroscopic blood nor food particles. Occult blood tests were negative. Micro- 
scopically, many triple phosphate crystals; no Charcot crystals; some vegetable 
and some muscle fibers. A large number of trichomonads and many cells, from 
four to six times the diameter of a red blood cell, showing a clear, hyaline, outer 
margin and numerous small round vacuoles were present. Some of them have 
brownish pigment, but none have red blood cells in them. No red blood cells 
were seen in the spread; many leucocytes and small epithelial cells; bacteria 
very numerous. 

The patient was given small salines daily, followed in an hour by a liter of 
warm water containing fifteen grains of quinin sulphate. The patient had some 
diffieulty in retaining these enemas, and they were later discontinued. Hydro- 
chlorie acid, twenty-five drops, after meals, and “anemic” diet were ordered. 

The patient did not show any perceptible improvement. The progressive 
anemia could not be checked. Some of the more important data in his case are 
given below. 

February 7.—Patient had six stools yesterday. The general character has 
been light brown fluid and with a distinct dysenteric odor. There has been much 
mucus. All contain ameba coli and trichomonads, the latter in great numbers. 
They vary in size from 6 to 12 microns in body length, with long tapering tails. 
In one field six bean-shaped bodies are seen, measuring 10 by 12 microns, non- 
motile, and containing many small granular bodies and a single vacuole. They 
resemble spore bodies. 

February 11.—The patient showed some slight improvement, gaining both in 
strength and in appetite. The blood examination was in all respects the same as 
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at the first. The number of his stools became fewer from that time on, the trich 
omonads being less numerous and the mucus disappearing. 

February 21.—The patient complained of feeling chilly this afternoon. He had 
a slight rise of temperature, which later rose to 103.2. 

Stool Examination—There are many live actively motile ameba. There are 
two types of trichomonads. A larger type described before and a smaller form 
measuring from 3 to 5 microns. These small organisms show different mo- 
tions than the larger ones. They possess quick, jerky, protoplasmic motions, 
running first in one direction and then in another. They have two flagella. The 
nucleus is in the center of the cell. There is no undulating membrane. These 
trichomonads were in excess in the stool at 2 p. m. At 5 p. m. but few of 
the larger ones were to be seen. In the last passage all forms are absent. 

The patient’s rise in temperature continued. He became much _ weaker, 
the stools were on an average of four a day and contained many parasites of all 
types. On the 24th the red blood cells numbered 744,000; white cells, 2,000; 
hemoglobin, 9 per cent. (?). Differential count showed 53.8 per cent. of small 
lymphocytes and 45.8 per cent, of polynuclear leucocytes. There were many 
misshapen cells, 13 megaloblasts in 500 cells counted, a few stipple cells and 
much polychromatophilia,. 

On the 26th the patient had a severe nosebleed requiring plugging of the left 
nares. This loss of blood did not cause any marked change in the blood count. 
About this time a diffuse swelling appeared about both eyes that was at first taken 
for edema. The following day it was noticed that this spread in all directions 
on the face, with a slight line of demarcation. There was no redness and only 
a moderate amount of induration and tenderness. There was no rise in the leu 
cocyte count, but the differential count showed a marked rise in the polynuclear 
forms, 

The patient gradually became weaker. He had numerous attacks of epistaxis. 
His stools were more frequent, and soon were passed involuntarily. His heart 
weakened suddenly, and on March 4 he died. An autopsy was performed by Prof. 
A. 8. Warthin, to whom T am indebted for the notes and specimens. 

The pathologic diagnosis is all that will be necessary in this case. There was 
progressive pernicious anemia; hyperplasia of bone marrow, pulp of spleen and 
hemolymph nodes; hemosiderosis of spleen, liver and hemolymph nodes. Lobu- 
lar, fibrinous pneumonia of the left lung. Congestion and edema of the right 
lung. Cloudy swelling and fatty degeneration of heart muscles, liver and kidneys. 
Central zone of necrosis of liver. 

Stomach small, contains small amount of yellow-gray fluid of sour odor. Te- 
nacious mucus covers the atrophic mucosa. Small intestine contains slight 
amount of light-yellow, semi-fluid, tenacious material; considerable edema of 
submucous tissue. Muscular coat is thin. Marked congestion of caput coli. 
Large intestine: many small bits of mucus, many of them blood-stained. Walls 
very thin in upper two-thirds. There are numerous superficial ulcers, irregular, 
circular and oval in outline. The margins are raised. The bases are smooth, 
consisting of whitish granular material, 4x6 mms. in diameter. Lower one-third 
free from ulceration. 

On microscopic examination of fresh material from different portions of the 
intestine trichomonads were found, chiefly in the small gut and mostly in the 
upper portion. There were some in the large intestine, especially in the granular 
detritus covering the erosions. Some amebe were present throughout the entire 
tract. The mucosa of the stomach showed slight round-celled infiltration. No 
atrophy. The mucosa of the ileum was slightly atrophic. The epithelium of the 
mucous lining of the colon was absent. There was round-celled infiltration. Typi- 
cal small ulcers. Some hyperplasia of connective tissues about the ulcers. 
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Case 2.—The second patient came to the medical clinic June 2, 1906. This 
patient was aged 35, single, an engineer by occupation. His illness began with 
cramping pains in the abdomen, dull headache, and malaise. The patient lost 
his appetite and was nauseated at times. From this he slowly recovered. Three 
weeks later he was seized with severe pains in the right side, at the margin of the 
ribs, which radiated over the entire abdomen. The pains were periodic. No 
vomiting and no jaundice at any time. Stools were yellow and had a sour odor. 
There were from three to five movements daily. The patient weakened very rap- 
idly and was unable to move about without assistance. At this time the patient 
was brought to the University Hospital. Abdomen was on the level of the ribs, 
lax, with peristaltic movements clearly visible. No painful points, but a diffuse 
tenderness on superficial as well as deep palpation. Spleen, liver and kidneys 
not palpable. Rectum negative. 

Urine: Specific gravity, 1,024; acid and reddish brown in eclor. No albumin; 
no sugar; no bile; indican in large amounts; no diazo reaction; sediment small, 
composed mostly of urates. 

Blood: Red blood corpuscles, 3,550,000; leucocytes, 11,240; hemoglobin, 80 
per cent.; Widal reaction negative. 

Stool: Medium sized, light brownish yellow, with a distinctly putrid odor. 
Faint occult blood reaction obtained. No macroscopic blood. Small bits of mucus, 
in which are found large numbers of actively motile trichomonads. Some un- 
digested starch. 

The patient’s condition remained about the same. He had slight, daily rise of 
temperature in the afternoon, occasionally reaching 102.5. The soreness in the 
abdomen persisted, the stools continuing to have all the characteristics described 
above. The blood appeared at times while the patient was on a strict diet. He 
became steadily more anemic, however. He lost nine pounds the first week in the 
hospital, and continued to lose for the following three weeks. The patient was 
then put on frequent, small doses of salol, and was given cool enemata. His diet 
was light, and he was kept in bed and out of doors most of the time. About 
July 1 the pains disappeared and he became brighter. His appetite improved, 
and the movements became natural. The trichomonads were present, but in much 
fewer numbers, being absent for days at a time. He left the hospital with in- 
structions to continue treatment, fresh air and rest. He gained in weight up to 
160 pounds, returning to his work in October. He has had two periods since when 
he experienced attacks of constipation alternating with diarrhea, with cramping 
pains in the abdomen, lasting, in all, one week. At these times he describes the 
stools as being of the same gross appearance as those he passed during his initial 
illness. 


Case 3.—J. H. B., aged 62, farmer, came to the medical clinic Nov. 11, 1906, 
complaining of colicky pains in the abdomen, and diarrhea. At the age of 18 the 
patient went to war and served in the Union army for a period of two years. 
The diarrhea, of which he complains now, began during his service while in Ten- 
nessee. All the men in the ranks had attacks of what the physicians of the 
regiments then called “mild cholera morbus.” They assigned this to the water, 
which was often procured from pools and ponds. The diarrhea which he ex- 
perienced in the service was accompanied with some sharp, griping pains, but 
how long these lasted he does not remember, for he was wounded soon after. 

He has had repeated attacks of diarrhea ever since. These come from twice to 
three times a year, and last for a month or six weeks. In 1892 the patient had 
a very severe attack, of short duration, during which excruciating, cramping 
pains in the abdomen and very frequent passages kept him confined to bed for two 
weeks. He lost in weight and strength at this time. Subsequent attacks were less 
severe until 1902, when gastric distress complicated the diarrhea, which grew 


HUGO A, FREUND. 45 


worse in proportion. The present attack began about four weeks ago and the 
patient is about recovering from it at the present time. He has had from five to 
six stools a day, very loose and watery, not of a very offensive odor, but ap- 
parently containing much undigested food. At the height of the present illness 
the patient had from fifteen to sixteen stools during the day, with incontinence 
of feces at night. There were some pains of a colicky nature, but these have sub- 
sided. He passes little or no gas. No pain with defecation. During this last 
attack the stomach symptoms became aggravated. The distress in the epigastrium, 
of which he complains, is relieved, however, by going to stool. Physical examina- 
tion is negative. 

Blood: Red blood corpuscles, 5,240,000; leucocytes, 6,170; hemoglobin, 100 
per cent. Of 615 white cells counted, 14.3 per cent. were small lymphocytes, 13.1 
per cent. were large lymphocytes, .3 per cent. transitionals, 65.2 per cent. polynu- 
clears, 2 per cent. eosinophiles, 1.1 per cent. mast cells, and 4.1 per cent. degen- 
erates and undetermined cells. 

Urine: The twenty-four hour amount was scanty. The specifie gravity was 
never below 1,021. Acid; no albumin; no sugar; moderate sediment of urates 
at times. There was always a strong reaction for indican. 

Stomach: The patient's stomach showed a lack of free hydrochloric acid, at 
times, and a diminution in the ferments. There was an increase in the motor 
power, with an excess of mucus and the presence of non-motile rods and cocci at 
each examination. 

The patient was put on an intestinal test diet at once, and his stools were 
examined. The first day he had five passages. The stools were thin, light yel- 
low, and granular. No macroscopic food remains. Microscopic examination of 
small bits of thin mucus revealed a large number of active trichomonads with 
some round, less motile and darker bodies. Occult test negative. The patient was 
then given a large dose of Carlsbad salts, which was followed the next day by one 
very large stool and two smaller ones. Enormous numbers of trichomonads were 
found. No blood. The third day he had four passages, the trichomonads being 
still quite numerous. In the last passage, however, there were fewer than there 
had been at any time since his admission. The remaining four days that the 
patient was in the hospital he had but one thick and unformed passage each day. 
The trichomonads were present, but in very much smaller numbers than before. 
The griping had disappeared and the patient’s strength returned. He was sent 
home and advised to take saline cathartics twice a week, following repeated small 
doses of calomel. He has had no attack since. 

Case 4.—G, C. presented himself to the medical clinic complaining of pain in 
the “stomach” and “bowels” and a violent headache. He dated his present illness 
to four years previously when he had a similar attack. At that time he had 
severe abdominal pain and diarrhea. He had about twelve passages the first day; 
after that they became fewer. He kept about for a couple of days, but his fever 
rose to 105, so he went to bed, where he remained for three weeks. During this 
time he had severe continued pain in the lower abdomen and some fever. He im- 
proved for a while, but while working in a lumber camp the intestinal trouble 
became so severe that he was obliged to discontinue his heavy work. In the fall 
of 1903 he was ill for three months again with “bowel trouble,” with severe pain 


and constipation. Since then he has had difficulty in securing a daily movement. 


The fall of 1906 found the patient suffering much more pain all over the abdomen, 
but no diarrhea. 

The present attack came on two weeks before admission to the clinic. He had 
suffered from diarrhea, after which his strength failed and he lost weight. There 
has been continual soreness and distress in his abdomen. He has had some slight 
nose-bleed of late. The severe headache has persisted for the past two days. The 
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patient has a tired expression. He protrudes his tongue, which is red, swollen, 
and heavily coated, very slowly. Breathing is accelerated and somewhat labored. 
Pulse small, low tension, regular rate 108, temperature 102. Percussion of the 
lungs was negative. A harsh vesicular breathing with rales could be heard all 
over the upper portion of the thorax. Heart not enlarged; sounds clear and of 
moderate intensity. The abdomen is below the level of the ribs; walls are mod- 
erately relaxed, and the spleen is just felt on deep breathing. There is some 
tenderness on palpation in the right iliac fossa. No rosella over trunk. 

There was the suspicion of a more acute and recent infection. Examination 
of the urine gave a strong diazo reaction, and the following day the positive 
Widal assured us of the diagnosis of typhoid fever. The patient was given 5 
grains of calomel, followed by salts. In the stools were found numerous trich- 
omonads. The patient became more diarrheic as the typhoid fever progressed. 
Trichomonads were seldom seen in these frequent passages. At one time, however, 
many cyst forms were observed. No active parasites were present at this time, 
nor did they appear till three days later. Blood, due to the typhoid hemorrhage, 
was present on several occasions, Cholecystitis further complicated the course of 
the case. 

At present the patient is well and about. His diarrhea abated with his con- 
valescence. He still has two movements a day, as a rule. The feces are soft, 
light yellow in color, and contain a small number of trichomonads, He has not 
been constipated. The patient now states that he does not remember having 
been obliged to drink water that could have been considered stagnant or impure 
at any time previous to his first attack of pain and diarrhea. 


Case 5.—R. E. was referred from the surgical clinic for examination concern- 
ing pain in the right hypochondrium which spread over the entire abdomen. The 
patient was a male, aged 24, a day laborer by occupation. He had never had any 
previous illness, Three years previous he had an attack of “appendicitis.” Fol- 
lowing this the pain became constant. In the summer of 1905, appendectomy was 
performed at another hospital. The pain did not subside, however. At present he 
has aching and cramping pains in the right side which come on in the afternoon 
and last until midnight. They spread over the entire abdomen. Eating does not 
affect the pains. The patient vomits at times, but the vomitus has never looked 
black, nor has there ever been blood in the vomitus. No history of jaundice or 
clay-colored stools. No tarry stools. The patient has lost some weight. Heart 
and lungs are normal. Abdomen is helow the level of the ribs. Spleen, liver, 
and kidneys not palpable. In a later examination, large peristaltic movements 
are seen in the epigastrium traveling from left to right. On distension of the 
stomach, no enlargement is noted. No pain. There is some pain and tenderness 
at the level of the eighth dorsal vertebra on the right side. At this time the 
patient was having on an average four stools a day. 

Blood examination: 3,650,000 red cells, 7,000 white cells, 45 per cent. hemo- 
globin. Differential count shows no alteration in relative count. 

Urine examination: Negative. 

Test meals revealed a normal acidity, a lowered motility, an excess of mucus 
at times, normal amount of pepsin and chymosin. The stomach was neither en- 
larged nor prolapsed. 

The stools on several examinations were pale brown in color and of creamy con- 
sistency. No undigested food remains. No blood. Occult blood test negative. 


Microscopically, large numbers of trichomonads were seen. They were very active 
and could be kept alive in the stool for ten hours at room temperature. No blood 
cells nor leucocytes seen. Four days after admission the morning passage gave 
a positive test for blood. Blood cells not seen. 
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As an exploratory operation was desired by the surgical clinic, the patient was 
put at rest, given a special diet, and Blaud’s pills, in increasing doses, were ad- 
ministered. For the paroxysms of pain, morphin was given. The blood count 
improved considerably so that at the end of a week the red cells numbered 
3,984,000, and the hemoglobin percentage was 70. 

The patient had fewer passages, as was to be expected, but the stool was still 
soft and contained enormous numbers of trichomonads. An operation was 
deemed inadvisable at this time, and the patient, refusing to stay for further 
medical treatment, left the hospital. His subsequent course is not known. 


Case 6.—B. E. P. was admitted to the medical clinic Dee, 19, 1906, complain- 
ing of numbness, distress in the stomach and diarrhea. The family history is of 
value in one respect, in that a sister of the patient has pernicious anemia. He 
has been well up to the present illness, which began two years ago with loss of 
appetite, belching of gas and diarrhea. He vomited occasionally, In November, 
1906, the numbness of which he now complains became pronounced. Ankles and 
feet especially felt cold; he lost both weight and strength. Recently his bowels 
have become constipated. 

The patient is of slender build, musculature is soft and flabby. The skin is 
pale, dry and slightly inelastic. The tongue is furred, and the mucous membranes 
of the mouth are pale. Teeth are in good condition. Scleroties are clear and of a 
bluish tinge. The lungs and heart are normal. The abdomen is two finger 
breadths below the level of the ribs. Slight tenderness in the epigastrium. Edge 
of the liver and the spleen can be felt on inspiration. Lymphaties not enlarged. 

Blood: Red blood corpuscles, 2,464,000; leucocytes, 2,600; hemoglobin, 54 
per cent. A differential count of 550 cells shows: Small lymphocytes, 42 per 
cent.; large lymphocytes, 16.5 per cent.; transitional, 5 per cent.; polynuclear, 
40 per cent. There is much poikilocytosis; there are many megalocytes, but no 
megaloblasts are seen. 

It is evident from the foregoing that this is another case of pernicious anemia. 

About a week after the patient’s admission, his bowels, which up to that time 
had been regular, and the feces normal and free from blood, became diarrheic. He 
had, at first, two partly formed passages which rose to five in a few days, and were 
liquid. They were yellowish brown in color, watery, and had a strong odor of 
hydrogen sulphid. There were a few undigested particles of meat and many 
starch granules. There was a small amount of mucus in fine flakes. In these par- 
ticles many trichomonads were seen. No microscopic or occult blood. 

The urine examination was as follows: Specific gravity, 1,025; acid reaction 
and reddish yellow in color. A 24-hour sample of 1,240 e.c. showed a large 
deposit of urates. Indican gave a deep blue reaction. No albumin; no sugar. A 
few fine granular short casts were seen. 

The stomach examination showed an achylia, with a very rapid motility and 
an increase of mucus, 

The patient was put on treatment for the pernicious anemia, and special at- 
tention was given to his diarrhea. The patient soon began to improve and his 
gain was rapid. The stools became natural and regular, and at the end of six 
weeks no more trichomonads were to be found. His blood picture has returned 
almost to normal, and at the last report the patient was enjoying good health, 


Case 7.—R. E. W., aged 31, is at present a student in the University. His 
family history and early history are of no importance in his case. He was a 
captain in the United States Marine Corps up to four years ago, and has been in 
all parts of the world, taking at that time no more than ordinary precautions 
about his food and drink. He first noticed his discomfort in the summer of 1903. 
while he was in Florida, where he drank from a spring the water of which he had 
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reason to believe was not absolutely pure. At that time the initial attack was 
characterized by pain in the abdomen, which began early in the morning and per- 
sisted all day. It grew worse toward noon, so that he could not be up and about. 
He felt better the next day. He did not vomit, had no fever and no diarrhea. The 
abdomen was sore for two or three days afterward. Every three months he has 
had similar attacks, which followed the same course. The patient says that just 
preceding the attacks he feels better than he has for some time before. 

In the fall of 1905 he examined his stools for the first time and found Tricho- 
cephalus dispar ova and trichomonads in large numbers. I saw the feces soon 
afterward and was able to confirm these findings. I have studied the trichomonads 
in this patient’s stools frequently, and always found them present in large num- 
bers after the administration of a saline cathartic. 

The patient later on took thymol and succeeded in ridding himself of the 
trichocephalus. Whether or not the trichomonads became fewer he does not 
know, but this drug must surely have had some effect on the organisms. He had 
the attacks with varying frequency up to January, 1906. He was often confined 
to his bed for a day or two, but at no time did he note any change in the con- 
sistency of his stools. Since the administration of thymol there have not been 
any very bad attacks. He had one last December which incapacitated him for one 
day. 

On April, 8, 1907, he had the “beginning sensations” of another attack. The 
pain was less severe than on previous occasions, and he had no discomfort on the 
following day. It should be stated that during the first week in February the 
patient took 4% gr. of calomel three times daily for one week. 

A stool examined on April 11 showed a few trichomonads which had lively 
motion and all the characteristics previously noted. The number was greatly re- 
duced to that which had been found on previous oceasions on the giving of salts. 
No ova were seen. 

The urine of the patient is normal in all respects, except for the occasional 
presence of indican. 

Blood counts: Red blood corpuscles, 5,500,000; leucocytes, 8,000; hemoglobin, 
80 per cent. The eosinophiles average at about 10 per cent., the proportion of 
the other cells being normal. 


“ Case 8.—The patient, male, aged 20, farmer by occupation, came to the hos- 
pital because of diarrhea, pain of a griping nature when the bowels moved, and 
extreme emaciation. He was admitted April 22, 1907. The family history and 
personal history up to first attack of diarrhea in 1900, are good. In December, 
1900, the patient was employed as a surveyor, which required him to go to many 
different places and drink of waters that he has every reason now to think were 
unclean. At this time he first noticed a diarrhea, passing at the outset a few 
stools a day, and later having thin and watery passages about every two hours. 
He had no pain and lost no weight as he remembers. He recovered in two weeks 
so that he could return to his work. From this time on the patient had several 
attacks every year, each lasting for a variable length of time. Between the 
attacks the patient would gain considerably in weight only to lose this again in 
the next attack. 

In March 1907, he had an attack of “grippe.” No physician attended him, 
but soon after he was out of bed, he suffered a relapse accompanied by diarrhea. 
This has persisted since, and is the longest attack from which he suffered. The 
bowels were at first thin and watery, light yellow, and of a foul odor. At times 
they have been green. No blood and no dark stools. At times there has been 
a small amount of mucus. No food remains as far as he has noticed. He was 
never constipated between the attacks. 
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During the last thirty days the patient has lost thirty pounds in weight, 
he has grown very weak, and feels nauseated most of the time. In December 
1906, he weighed 140 pounds. On admission his weight was 98 pounds. Tem- 
perature 98.8; pulse 82; respirations 20. 

The thorax is markedly emaciated. The lungs are normal; the heart is not 
enlarged, nor are the sounds abnormal. The abdomen is slightly below the navel. 
Abdominal walls are thin. Peristaltic movements are seen in all parts of the 
abdomen, especially in the lower half. No localized rigidity and no pain points. 
Spleen, liver and kidneys are not palpable. No enlarged glands. 

Stools:—Large, thin, watery, light-brown stool of foul odor; alkaline in 
reaction and containing a small amount of mucus. There was a faint occult 
blood reaction, but no blood seen on microscopic examination. A great many 
actively motile trichomonads were seen. No undigested food remains; a few pus 
cells; no crystals. : 

Stomach:—Test meals show an achlorhydria, apepsia and absence of rennin. 
Hypermotility marked. No blood; no leucocytes; no food remains; no excess of 
mucus; trace of lactic present on two occasions. On one examination of the 
fasting stomach a few actively motile trichomonads were seen. These have not 
been found since. A number of cocci and bacilli were present. A bit of stomach 
mucosa recovered from the lavage shows a mononuclear exudate. Round ulcer(?). 
No evidence of malignancy. 

Blood:—Red blood cells, 2,490,000; white blood cells, 5,348; hemoglobin, 55 
per cent. 

Urine :—Normal. 

The patient was confined to bed, given very soft diet, and an astringent. After 
the diarrhea was checked somewhat, he was returned to a more substantial diet 
and calomel in 1/10 grain tablets, administered every two hours, until eight were 
taken daily. He was kept on this for twelve days, at which time he began to have 
some slight loss of appetite and nausea. The calomel was stopped and the patient 
returned to intestinal diet, with a bitter stomachic before meals. 

An examination of the stools at this time showed them to be entirely free 
from trichomonads. 

The patient was now permitted to go out of doors, was given a fuller diet, 
and iron, in the form of Blaud’s pills, was administered. He improved rapidly. 
On May 15, he had his first formed passage. It was free from organisms and 
blood. He has gained steadily in weight, and now weighs 118 pounds. He is still 
under observation. 


Case 9.—This patient, a male, student, aged 25, came to the out-patient 
clinic complaining of diarrhea. During the week of April 15-22, he had been out 
of town doing laborer’s work and drinking of water that he believes was impure. 
On April 22 he first noticed that his stool was watery. The passages became 
more frequent at once, and continued in their watery character. The change 
came on suddenly. The bowels moved from 12 to 24 times daily. There was 
no griping nor pain at first, but lately there has been a little aching in the lower 
part of the abdomen with each defecation. The patient was given bismuth by 
his own physician with no relief. Later he was given a large dose of castor oil 
followed by salol and an astringment with no benefit. The diarrhea persisted, 
not quite so severe as before, but becoming worse at times. His appetite remained 
good. He lost some weight, and began to feel weak. He never noticed any blood, 
pus or food remains in the stools. They were lumpy at times and of foul odor. 

The patient was a large well nourished man in good physical condition. Heart 
and lungs were normal. The abdomen was not tender to palpation and, except 
for a noticeable increased peristalsis, was negative. Rectal examination revealed 
a few hemorrhoids. 
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Stool:—Small, watery, yellow, of foul odor. Much undigested food present, 
mostly starch. Many red and white blood cells mixed in the small flakes of 
mucus, An enormous number of active trichomonads are seen. 


Stomach:—Ordinary dinner removed in four hours; 150 ¢.c, recovered, acid 
and of sour odor; free hydrochloric acid, 50, total 84; no lactic acid; pepsin and 
rennin present. Microscopically, a few rods were seen. No trichomonads. 

Blood:—Red blood cells, 4,200,000; white blood cells, 6,000; hemoglobin, 80 
per cent. 

Urine:—Normal in every respect. 

On May 4, the patient was instructed to use a meat-free diet, and was given 
calomel in 1/10 grain doses, every two hours, till eight were taken. This was 
continued for one week, at the end of which time he was instructed to discon- 
tinue the calomel and observe the number of his daily passages. On the 12th 
he had three; on the 13th three; on the 14th two; on the 15th two; on the 16th 
three; on the 17th two. They all contained a few trichomonads, and were but 
partly formed. There was still some mucus, but no blood nor pus could be 
detected. The patient has been returned to his medication of calomel for another 
week and put on a more restricted diet. His blood has improved to normal, 
and he has regained his weight, feeling perfectly able to continue his work. 


CASE 10.—This patient was referred from the dermatological clinic, where he 
had been under treatment for urticaria, for treatment of his weakness and marked 
anemia. The patient is a civil war veteran, aged 62, and a farmer by occupation. 
He has had shortness of breath and weakness for many years, but for the past 
year this has been growing more pronounced. The patient gives a history of a 
severe diarrhea, alternating with constipation, dating from the civil war. During 
the war he states that he was confined to the hospital with typhoid fever, after 
which the diarrhea began and has given him more or less trouble ever since. At 
first, he would have an attack every two weeks, followed by a period of constipa- 
tion. At these times he would have from 3 to 10 movements a day. The stools 
were of light color and contained a small amount of mucus, at times; no blood. 
Of late years the attacks have been growing less frequent, occurring about once 
a month, and lasting from 2 to 3 days. The passages are of the same character 
and just as numerous as before. The patient thinks that he can terminate an 
attack now by taking large doses of mandrake. 

For the past year the patient has had some distress in his stomach after meals. 
He vomits occasionally, but the vomitus contained only food and mucus. 

Blood examination:—Red blood cells, 4,000,000; white blood cells, 11.000; 
hemoglobin, 70 per cent. 

Urine :—Normal. 

Stool examination, after the administration of an ounce of Carlsbad salts: 
Large, yellow, sour, foul smelling, of amphoteric reaction. No food remains. 
Small amount of mucus. Many actively motile trichomonads and cercomonads 
seen. The former were in excess. 

The patient could not stay for further treatment. He was given iron for the 
secondary anemia and advised to return. 


In the foregoing series of cases the trichomonad is found under a 
variety of pathologic conditions. In some it strongly suggests itself as 
an etiologic factor; in others it plays a secondary part. That it is the 
cause of a chronic intestinal catarrh has long been held by many com- 
petent observers. Of late years, however, its influence in forms of enter- 


itis has frequently been disputed. One reason for this has been that 
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we find the trichomonad living, at times, in necrotic areas, in pus and 
in the débris of growths. Here the trichomonad merely finds a suitable 
culture medium, as it is supposed to have, in the fecal material of cases 
of chronic diarrhea. Some observers cite instances to substantiate this 
view. But cases have been and are still being encountered where the 
intestinal conditions may be explained by the presence of these organisms. 
The fatal enteritis described by Galli-Valerio as occurring among guinea- 
pigs is proof of the fact that like parasites can cause a severe diarrhea in 
animals.* Furthermore, flagellate diarrhea, occurring in man, due to 
the Megastoma entericum, and infusoria diarrhea caused by the Balan- 
tidium coli and allied forms have been described. 

There have been numerous reports in the last decade on all forms 
of flagellate enteritis. The work previous to that time has been classi- 
fied and summed up by Janowski in an excellent manner. Notable 
among the series of cases that have been reviewed are those of Zunker, 
Grassi and Epstein. The former, in 1878, after making a systematic 
examination of all stools in Leyden’s clinic, found nine cases of diar- 
rhea without colic or tenesmus, in which flagellates were present. Noth- 
nagel, soon afterward, met with the trichomonad in cases of acute and 
chronic catarrhal enteritis. He did not consider them harmful. Per- 
roncito thought that a catarrh established itself through some other 
cause, and prepared a medium favorable for the development of the 
trichomonad. These organisms in their turn by irritating the epithelium 
assisted in maintaining the diarrhea. May, in 1892, found the trichom- 
onad (cercomonas coli hominis) only in the small bowel, which was in 
a chronic catarrhal state. Roos made the trichomonad answerable for 
a persistent diarrhea. He believed that masses of them could set up a 
chronic irritation of the intestinal wall and cause increased peristalsis. 
Nothnagel’s objection to this was that the bodies of these parasites were 
too soft to have any such effect. Grassi, though he had examined 100 
cases of diarrhea in which trichomonads were found in the stool, could 
not make up his mind what part they played in causing such conditions. 
At least he did not attribute a specific action to them. Nor did von 
Jaksch, who found both cercomonads and trichomonads in severe enter- 
itis of children, think they had any clinical significance. 

Epstein, under the name of “Monocercomonas Diarrhea,’ 
a severe form in 26 children. His report is an interesting as well as 
an important one and deserves mention in detail. There were 15 boys 
affected and 11 girls. He never found the condition in nursing children. 
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* 1 am aware of a similar epidemic that wiped out most of the guinea-pigs in 
a loeal laboratory one spring. 
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The youngest was 1 year old. Seven children were between 1 and 2 
years of age; 11 between 2 and 3; 2 between 3 and 4; 1 between 4 
and 5, and 4 were between 5 and 6. Children older than 6 were not 
examined. He thought that the diarrhea caused by these organisms 
was the same as any other diarrhea. At times, during the first few days 
of the infection, a slight rise of fever occurred. Pea-soup stools were 
the rule; blood was rare, and the reaction was alkaline. The course was 
either acute or chronic. In one case that came to autopsy no organ- 
isms were found in the jejunum; a few were seen in the ileum; many 
were present in the ascending colon; a very great number in the trans- 
verse colon; a few in the descending colon, and none in the rectum. At 
one time six children were taken ill together without any notable cause. 
The transmission apparently took place by water and occurred mostly in 
the dry seasons. 


Epstein cited one instance where a weak, cachectic child was fed only 
special liquid diet; its stools were free from parasites. Three other chil- 
dren who had to drink tap water suddenly developed a diarrhea with 
these parasites in the feces. One day the weakling was given some tap 
water to drink, and quickly developed the same form of enteritis. The 
author could not find forms in the water. He finally concluded that 
these intestinal conditions and these trichomonads stand in direct rela- 
tion to each other. They were not found in normal stools of children, 
and were present only where some such digestive and intestinal dis- 
turbances were complained of. 

Boas, in 1896, described some additional cases. He did not feel 
certain whether the trichomonads caused the diarrhea or were merely 
a secondary infection. 

Janowski reported six cases the same year, two of which argue 
strongly for the pathogenicity of the trichomonad. His second patient 
had persistent diarrhea, with colicky pain, for some time, failed grad- 
ually and finally died. The autopsy revealed in the ascending colon 
small ulcers of varying size, each covered with a layer of pus and mucus. 
The pathologic diagnosis was chronic dysentery. His fourth case was 
similar. A man of 35, complaining of acute dysenteric symptoms, had 
from three to four daily passages, which contained pus, mucus and num- 
berless trichomonads. His pain and diarrhea persisted for four weeks, 
when death occurred. His colon also contained many small ulcers run- 
ning as deep as the submucosa. There was round cell infiltration about 
the ulcer, and many eosinophiles were seen in some areas. The fifth 
patient in his series developed a sudden severe diarrhea four days before 
admission. A great many trichomonads were found in the first stool 
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examined. Calomel quickly checked the rapidly-increasing diarrhea, the 
patient recovering in a short time. 

Janowski’s conclusions were finally drawn from his six observations 
and from a consideration of the literature. He believed that the pres- 
ence of the flagellates in the intestines was in most instances without 
any influence on the functions of the tract. It was only rarely that they 
instituted either a chronic enteritis or prolonged an old condition. These 
conclusions seem to be at variance with his experience as well as with 
his comments on Case 5 and the findings and diagnosis of Cases 2 and 4. 
It must be agreed that these two cases are different in many respects 
from any other known intestinal conditions. 

Skailer, in 1898, commented on flage!late diarrhea after reporting a 
typical case in his experience. He found the trichomonads most numer- 
ous when the stools were the most frequent. He agreed with Nothnagel 
that they could not cause any more irritation of the intestinal wall than 
masses of casein would, but thought that in many cases they were merely 
associated with the diarrhea. In adults no cases have been reported in 
which they were undoubtedly the cause of the intestinal disturbance. 
Strube, the same year, reported the presence of flagellates in a woman 
suffering from an obstinate diarrhea and secondary anemia. Cohnheim, 
in 1901, exhibited several cases of infusoria diarrhea, one in a woman 
of 24, who had suffered with “mucous colic” for two years. He found 
that the administration of calomel caused a disappearance of the organ- 
isms together with the diarrhea. Japha, in discussing the subject, cited 
the case of a child who went from clinic to clinic complaining of periodic 
pains in the abdomen, loss of weight, diarrhea and marked emaciation. 
He found trichomonads in the stools. Following the administration of 
large doses of quinin and tannin, the child rapidly improved. Von 
Leyden and Uhlmann also reported cases in this discussion, both favor- 
ing the pathogenic action of the trichomonad. 

Ucke, in 1903, contributed forty cases of flagellate enteritis, most of 
which were due to the trichomonad. He believed that they must have 
some action, in that they were so frequently associated with catarrhal 
enteritis. The stools had one common characteristic, in that mostly all 
were of a thin soupy consistency and alkaline. Westphalen, in discuss- 
ing Ucke’s report, did not think that the trichomonad was a rare intes- 
tinal parasite. He believed, however, that the number of trichomonads 
was proportionate to the severity of the diarrhea. 

Rosenfeld considered the possibility of them causing a diarrhea at 
times. He did not believe they had a toxic action, because of the ab- 
sence of eosinophilia. This argument I do not think can be accepted, 
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for the organisms may have a local action without causing any systemic 
disturbances. He added that another factor could usually be found, 
other than the trichomonad, as the specific cause of the diarrhea, and 
cited several instances in proof of this assertion. In one case of Both- 
riocephalus latus and trichomonad infection, both parasites were removed. 
Later the patient returned with achylia gastrica. In a second case of 
polyposis intestine, with diarrhea, the trichomonads appeared late, and 
only at several odd times in the course of the disease. 

I might mention a similar instance in the cases reported by Osborne 
from this clinic where four different parasites were found in the feces, 
but these complications are usually misleading. In Rosenfeld’s second 
case he does not state whether the advent of the trichomonad aggravated 
the condition or not. From his standpoint, then, the diagnosis of a 
flagellate diarrhea was no cause for alarm, but rather suggested that 
some other etiologic factor should be sought. 

Terry, in 1905, added two important cases. The first patient, a man, 
had suffered for over twenty-two years. At first he had slight attacks 
of diarrhea. Later his passages became as frequent as twelve daily, with 
severe griping pains in the abdomen. The trichomonads were present 
in large numbers. One week after admission an exploratory laparotomy 
was done for supposed ulcer. None was found. The patient died of 
general peritonitis. Autopsy revealed some small areas in the cecum, 
2x4 millimeters in diameter, pale, surrounded by a darker periphera, 
and covered with good mucous membrane. There was a slit-like ulcer, 
4 millimeters long, and extending to the muscularis. It had a necrotic 
floor. All the large intestine showed small erosions from the ileocecal 
valve on, mostly in the cecum. They had a patchy, moth-eaten appear- 
anee, and seldom involved the submucosa. The second case was in a 
man who had periodic attacks of diarrhea, in whose stool trichomonads 
were always found. ‘The patient had a clinical diagnosis also of per- 
nicious anemia. 

Emerson, in his recent work on clinical diagnosis, is the only author 
up to the present time who gives more than a word of description to 
these flagellates. He makes this statement: “ . . . We could 
mention one or two cases in this connection in which this parasite 
seems to have been the cause of a severe diarrhea.” Within the last 
year two observations of interesting cases have been published. The 
first to appear, that of Biland, occurred in a boy of 17, who had suf- 
fered for many years from a diarrhea, in whose stools enormous numbers 
of trichomonads were seen. After a prolonged illness the patient died, 
and a postmortem disclosed a diffuse, small-celled infiltration of the 
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mucosa of the small intestine. There were places where these cells were 
massed, but only in the upper layers of the submucosa. In the lower 
part of the ileum and in the colon were small, flat ulcers penetrating to 
the submucosa. They had a diphtheritic surface. Many eosinophiles, 
mast cells and plasma cells filled the surrounding tissue. The neighbor- 
ing lymphatics presented the picture of a chronic lymphadenitis. Biland 
fixed the stained sections of the ulcers in series, and made smears of the 
surface, with the hope of finding the trichomonads. Of course, he failed 
in this, not because of the absence of the parasites or that they were 
unrecognizable, but because of the impossibility of preventing plasmo- 
lysis without proper precautions in fixation and staining. Though 
the intestinal tract had changes seen in leukemia, pseudo-leukemia 
and lymphosarcoma, the author believed that these intestinal alter- 
tions were due to an action of the trichomonad, which played, there- 
fore, an important réle in this case of enteritis. Krause reported a case 
of trichomonads associated with Balantidium giganteum in a typhoid 
fever stool. His patient recovered fully. He thought that there was 
more against than for the opinion that the trichomonad has a specific 
pathogenicity. 

It would seem from a survey of the reported cases of intestinal 
trichomonad infection that a variety of conditions are produced by this 
organism. Truly, it has been found associated with many pathologic 
states. It has been met with in children, and in some adults, in severe 
forms of acute, and in chronic diarrheas, where no other etiologic factor 
was discoverable. That such a parasite should give rise to an enteritis 
in some cases and not in others is possible. We know that the organism 
thrives best in an alkaline medium. We know that the normal gastric 
acidi‘ is destructive to the parasite as well as to the cysts. Surely, 
then, it must be that the organism reaches the intestine at a time when 
the hydrochloric acid is at a minimum, a fact that holds true for many 
pathogenic micro-organisms. Further, the intestine may not be wholly 
resistant to any action on the part of the trichomonad, be this mechanical 
or toxic. Or the patient may have already had a chronic catarrhal con- 
dition, forming thereby a .uitable medium for rapid development of these 
parasites. None of these facts preclude the possibility of further de- 
structive power on the part of the parasites. So, too, it may be that 
in some organic condition a secondary weakness on the part of the intes- 
tinal canal opens a way for infection by the trichomonad. That we 
have thus far been unable to explain just how the trichomonad infects 
or acts does not in the least signify that it can not be the cause of an 
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It has long been known that the Amebe dysenteria produces a typ- 
ical ulcer and a definite form of enteritis, acute or chronic, with periods 
of convalescence and with exacerbations. It has been but a short while 
since we have had definite ideas how it produces necrosis and sloughing. 
We have not been able to produce diarrhea in animals with the trich- 
omonad as has been done in the cat with the ameba. Perhaps we have 
been unable to find a way of transplanting the organism so that it will 
resist the destructive action of the stomach. We have seen a similar 
form, however, one which some observers hold to be identical with the 
Trichomonas hominis, cause a fatal diarrhea in guinea-pigs with nothing 
more than a marked hyperemia of the intestine and an occasional ulcer- 
tion. Without the evidences of infection in adults, we have the work of 
Epstein showing how direct infection took place in a cachectic infant 
and the immediate results. Why not in other susceptible individuals ? 

Many of the cases that have been reported present so distinct a re- 
semblance in symptomatology and pathology to each other and to some 
of the cases that I have outlined, that I believe it justifiable to group 
these conditions and specify them under the head of trichomoniasis, 
which may be either acute or chronic. If Epstein’s work is to be ac- 
cepted, and we have no reason to doubt its accuracy, then there is surely 
a distinct form of flagellate diarrhea occurring in childhood. 

Let us note the similarity of cases in adults. In Case 1 of my series 
the pathologic findings correspond very closely to those reported by 
Janowski in his second and fourth cases; to Terry’s fourth case and to 
Biland’s. There was no eosinophile infiltration in my case at the sides 
of the submucosa. It may be that the progressive pernicious anemia 
from which the patient suffered accounted in part for their absence. 
Yet the frequency of these eosinophiles in other cases tends to show that 
there must be some local toxic action exerted by the trichomonad. 

In adults the onset of an acute case is usually accompanied by severe 
abdominal pain, often colicky in character, radiating from side to side, 
and more or less constant. Nothing relieves it when at its height, ex- 
cept opiates. The stools are not necessarily frequent in these cases, but 
are usually increased in number, unformed or of fluid consistency. In 
Case 7, however, the patient never noticed any difference in their appear- 
ance, except after the use of cathartics. They are invariably alkaline 
and usually of a yellowish brown color. The trichomonads are present 
in enormous numbers, especially at the height of an attack, as, for in- 
stance, in Case 5, where I counted an average of eighty-two in a field, 
with a one-seventh Leitz objective No. 2 eyepiece. When convalescence 
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It might be argued that in each of my cases trichomonads were not 
found immediately after the onset of the symptoms. In chronic cases, 
however, each exacerbation was accompanied by an increase in the trich- 
omonads in the stools. One interesting feature, and in this respect it 
resembles Terry’s second case, is the fact that Cases 1 and 6 were clin- 
ically cases of pernicious anemia. Whether the diarrhea, which is a 
common symptom of pernicious anemia, existed previous to the trichom- 
onad infection, or the flagellates caused the enteritis, which, followed 
by a secondary anemia, gradually developed into the pernicious type, 
would be difficult to determine. 

Some writers claim to have found the trichomonad in normal feces. 
In Case 7 they existed in a stool of normal consistency, but there were 
symptoms in this instance undoubtedly due to the presence of these para- 
sites. I have examined for them for four months at different seasons 
of the year in stools of patients that were given an ounce of Carlsbad 
salts on admission, and have never found them, except in cases where 
intestinal complaints were manifested. Furthermore, they have not 
been found in the routine examinations carried on in the medical clinic 
in other intestinal cases. 

There is no doubt about the efficacy of calomel in destroying the trich- 
omonad. In fact, it is usually found that after the administration of 
small, repeated doses, the diarrhea diminishes, the pain ceases and the 
patient rapidly recovers. Other drugs, such as quinin, tannin, salol, 
thymol, naphtholen and beta-naphthol, have been employed at times 
with some success. 

With our limited knowledge of the reproduction and cultural char- 
acteristics of the trichomonad the method of entrance into the intestinal 
tract can not readily be determined. The most likely way is through 
food and drink, whereby the spores are ingested. The small intestine 
is frequently the seat of these organisms, as can be shown by irrigating 
the colon and giving a saline cathartic; then examining the feces for 
active forms, before and after, in both instances. The commonest seat 
is the large intestine from the cecum to the sigmoid colon. It is in 
the ascending and the transverse portions of the colon that the ulcers 
are usually met with and most of the round cell infiltration occurs. 

It is not my intention to speculate on the manner in which the trich- 


omonad brings about these intestinal changes. The mechanical theory is 
not a likely one. That the trichomonad produces a toxin is plausible. 
To presume that this toxin is a secretion, or the result of the activity of 
the organisms on the intestinal contents, would not be justified. Withal, 
I firmly believe that the trichomonad is the direct cause of certain forms 
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of acute, chronic and recurring enteritis, characterized by abdominal 
pain, diarrhea, loss of weight and strength, with slight temperature at 
times, and anemia. Whatever may be the immediate result of its intro- 
duction into the intestinal tract, this fact remains, that its removal or 
a great reduction in the number of organisms present usually results in a 
marked lessening of symptoms or a complete recovery. 

I am greatly indebted to Prof. George Dock for his valuable sugges- 
tions, and to Professor Barrett and Dr. Kline for assistance in making 
the photomicrographs. 
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This investigation was commenced with the idea of perfecting a 
method of experimentation on the human stomach which has been 
employed more or less systematically in the medical clinic of the Uni- 
versity Hospital for a number of years.'. Much of the knowledge con- 
cerning the action of the various drugs and remedies administered in 
the treatment of stomach disorders has been deduced from the results of 


purely empirical procedures. In recent years, however, quite a number 
of scientific experiments have been conducted, particularly in Europe, 
which furnish the profession much useful information concerning food 
reactions in the stomach. Some of the methods employed to solve cer- 
tain problems regarding digestion are fairly accurate, while others are 
subject to more or less criticism; consequently the chief aim of this 
study has been to overcome these defects in so far as possible. Notwith- 
standing the difficulties of this task, it seemed possible that by parallel- 
ing Pawlow’s classic experiments on dogs one might obtain evidence 
justifying the conclusion that all reactions obtained by experimentation 
on canines with miniature stomachs occur to a greater or less extent in 


man. 
The authors had been employing olive oil as a routine treatment for 


hyperchlorhydria in all its forms, both in hospital and private practice, 
for a number of years, with such favorable results that the desirability 
of determining its effects on the gastric functions experimentally 
prompted the present investigation herewith reported. Results of clin- 
ical observations, which are not based on technical experimentation, have 
revealed many indisputable truths concerning digestion, but the science 
of medicine will be advanced greatly if these observations can be con- 
firmed and the action of drugs demonstrated by actual experiment. 

It is an ancient idea that fats retard digestion. Aristotle evidently 
observed phenomena of this nature before expressing the opinion: “Now 
the best digestion is in the bottom of the stomach, because the fat 
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descends not there; such as eat fat meat are very sleepy, by reason that 
digestion is hindered.” Pawlow? has aptly said that “physiology stood 
for a long time in sharp conflict with practical medicine. Physicians 
bringing forward their observations in proof had long answered the 
question in the affirmative. . . . 


“Physiologists, on the other hand, had fruitlessly endeavored, for 
decades, to arrive at definite results.” Dr. Chigin,? working in Pawlow’s 
laboratory, demonstrated that fat and starch have no exciting effect on 
the glands of the dog’s stomach. Pawlow devoted particular attention 
to the investigation of vegetable and animal fats. “They were tested 
not alone on a dog with an isolated miniature stomach, but also on ani- 
mals with gastric and esophageal fistula, and finally on dogs which had 
survived the operation of separation of the vagi in the neck, performed 
several months previously.” In all cases the fat was directly introduced 
into the stomach without swallowing. The results were negative. 

When this experimenter poured 100 c.c. of oil into the main stomach 
of a dog by means of a “sound,” and one-half to one hour later the dog 
was given 400 grams of flesh, instead of the usual five to ten minutes, 
half an hour elapsed before the beginning of secretion, and when it 
commenced it was scanty, only three to five c.c. being collected in from 
two to three hours, while under other conditions ten to fifteen ¢.c. were 
secreted in the same time. When the oil was introduced into the stomach 
immediately after eating the meat, “the secretion began with normal 
energy, and only later did the inhibitory influence make its appearance.” 
“The same results were obtained when the dog was given fat mixed with 
meat.” A lowering of the digestive function as well as the amount of 
juice was noticed. 

Pawlow concludes that “fat depresses, that is, inhibits the normal 
energy of the secretory process,” and is forced to the further conclusion 
that this inhibition is central, by reflex stimulation of the inhibitory 
nerves of the glands, or the inhibitory centers of these nerves, and not 
to the mere mechanical effect of covering over the mucous membrane 
and preventing excitation of the nerve endings. 

Backman,* in his investigation, first washed the fasting stomach 
with warm water, after which he administered daily alternations of fat 
and fat-free food. Samples were obtained by expression, at intervals 
of one-quarter to one-half hour, until the stomach was empty, which was 
proved subsequently by washing. Similar investigations with and with- 
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out the fat were usually conducted two or three times with the same 
meal. Unfiltered contents were used for the determination of the acids. 
The meals employed were the following: 


I. French bread ...... .100 grams. 
Butter ...... .. 50 grams. 
Water ..... .. 300° grams. 

Il. French bread . : .....100 grams. 


IIT. Oatmeal porridge, made of 6 grams of oatmeal, steamed 
with enough water to make 357 grams. To this 50 
to 199 grams of butter were added during the cook- 


ing. 

From his investigations Backman concluded that HC] was decreased 
from 2 to 42 per cent. by the employment of fat, these figures being 
obtained with the cream meal. He also found that butter delayed the 
appearance of free HC! in one of his cases, and that cream delayed it in 
two cases out of three. The rise of the acidity curve, which is slower 
with fat than without, often lasts until the end of digestion, exhibiting 
marked contrast with the control meals, in which the highest values for 
free HCl are in the middle of the digestion period. In other words, 
there is a decline in the secretion of the gastric juice and a lengthening 
of the time of digestion when oil or fat is ingested with the meal. 


Strauss and Aldor‘ report experiments on seven cases of hyperchlor- 
hydria. Their purpose was to determine the effects of the substitution 
for carbohydrates of fat given in abundance, but in quantities not so 
large as to cause discomfort of the patient or to interfere with the 
assimilation of fat. They employed three sets of meals: 


I. Control meal, consisting of one roll and 300 c.c, of tea. 
This was allowed to remain in the stomach one hour. 


II. Gum arabic meal, consisting of one roll, 300 c¢.c. of tea, 
and 5 grams of gum arabic. 

III. Oil meal, consisting of one roll, 300 c.c. of tea, 5 grams 
of gum arabic, and 30 grams of oil of sweet almonds. 

IV. Olive oil meal, consisting of one roll, 300 e.c, of tea, 5 
grams of gum arabic, and 60 grams of olive oil. 

Seven cases in all are reported. All the cases, except 2 and 5, 
received two control meals. Cases 3 and + received one initial meal and 
one gum meal as control. In five of the cases there was a diminution in 
the values of the acids as contrasted with the controls. This was marked 
in Cases 1, 3 and 4. Cases 2, 3, 4 and 7 show variations which are cer- 
tainly not marked, except in Case 3, where, after the gum meal, the HC! 
value rose from 8, with the previous meal, to 35, and fell to 10 and 6 


4. Strauss and Aldor: Ztschr. f. Diiitet. u. physik. Therap., Leipz., 1898, i, 117. 
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with the oil of sweet almond meal. The increase from 8 to 35, the 
authors assert, is due to the action of the gum arabic, which had a 
similar action in nearly all of the cases. So far as this part of their 
work is concerned, Strauss and Aldor reach the conclusion that oil 
depresses the secretion of acid. It would seem that their cases were not 
sufficiently controlled nor sufficient in number to justify very definite 
conclusions. 

Ewald and Boas® employed a test meal consisting of 1 to 2 per cent. 
starch paste and pure neutral olive oil in the proportion of four to one, 
They conclude that after the administration of a mixture of paste and 
oil, as contrasted with paste alone, no free HCl appears during the first 
half-hour. 

Akimow-Peretz® investigated the effect of the daily administration of 
almond oil over long periods. Fifty to 100 e.c. were given before eating. 
A lowering of the acidities in 16 out of 18 cases was found. An emulsion 
of almonds made by grinding up a tablespoonful of sweet almonds into a 
meal, and adding boiled water, so that the amount of the strained fluid, 
after thoroughly shaking, equaled about 300 ¢.c., gave similar, but not so 
marked, results. 

ORDER OF AUTHORS’ INVESTIGATION. 

1. The patient was chosen with much care. He was one who had 
first become thoroughly familiar with the manipulations of the stom- 
ach tube, that is, he could swallow it without discomfort or retching, 
was able to retain it for an indefinite period of time, and to prevent the 
saliva from entering the stomach in any undue amount. The cases 
studied at the University Hospital were admitted for stomach complaints. 
Those patients examined at the Craig Colony presumably had normal 
stomachs ; at least none of them complained of gastric symptoms. 

2. A uniform test meal was employed in each case so that the food 
stimulation would not vary from day to day. It was given at approxi- 
mately the same time each day and was removed from the stomach at a 
definite time after eating. The patients studied at the University Hos- 
pital were given a shredded wheat biscuit, which has a fairly constant 
weight of 30 grams, and, after eating this dry, 300 c.c. of water. At the 
Craig Colony, 30 grams of very dry toast, with at first 400 ¢.c. and later 
300 ¢.c. of water, were given. Olive oil was used almost exclusively at 
the University Hospital. Cotton seed oil was given preference at the 
Craig Colony, olive oil being used only a few times. 

3. After the secretion range was established by a series of meals the 


&. ‘Ewald and Boas: Arch, f. path. Anat, (ete.), Berl., 1886, civ, 271. 
6. Akimow-Peretz: Abstract, Arch, f. Verdauungskr., Berl., 1898, iv, 397. 
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oil was given at a definite time in relation to the meal and the examina- 
tions conducted in the same way as with the controls until a sufficient 
number were obtained. If the patients remained in hospital long enough, 
the oil was withdrawn and the tests continued. 

4. Two series of experiments were conducted in every case, one as 
described above, where the contents were recovered one hour after inges- 
tion, and the other by what is designated the special meal series, in 
which samples were removed from the stomach at frequent intervals, 5, 
10 or 15 minutes, until the stomach was empty. A final lavage was given 
to assure the removal of all food from the stomach; a definite amount of 
water was employed. The reactions of the fluid obtained after the lavage 
were also tested. In the beginning of the investigation, the tube was 
allowed to remain in the stomach during the entire stage of digestion. 
Later the tube was removed after each sample was obtained. 


5. The chemical analyses consisted in the estimation of free HCl 
with di-methyl-amido-azo benzol as indicator; of the total acidity with 
phenolphthalein as indicator; of peptic strength by Mett’s method.” To 
eliminate the personal equation, each case was studied by the same per- 
son. This rule was rarely broken. However, we had determined by 
testing ourselves that we read to the same end reaction. 

By adhering as closely as possible to these procedures and by examin- 


ing a sufficient number of cases, we have hoped to eliminate many fac- 
tors of error which must necessarily exist in an investigation of this 
nature. 


The effect of oil was investigated on three definite functions of the 
stomach—on the rate and height of secretion and on the drainage or 
motor power of the stomach. Final conclusions concerning each of these 
are based on comparisons of the average results of large numbers of 
meals with and without oil administered in definite relation to the meal. 


ILLUSTRATIONS OF THE IMPORTANCE OF CARE IN THE SELECTION OF 
SUITABLE CASES FOR EXPERIMENTATION, 


The following cases are only a few of the many that can be given 
from the clinical records of the University Hospital illustrative of how 
useless any investigation would be without first having controlled the 
range of secretion by keeping the subject under the same conditions 
from day to day. It was pointed out many years ago by Ewald, in the 
first edition of his Klinik der Verdauungskrankheiten (1888), that 
there is often a daily difference of from 20 to 27 degrees of acidity in 


7. Cowie: Physician and Surgeon, Detroit and Ann Arbor, 1904, xxvi, 118-121. 
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the normal stomach. From a perusal of the literature it would seem 
that this fact had not been much considered. 


Case 1.—Louis M. Case 3.—Mr. B. 
Free HCl. Total acid. Total 
Dec. 16, 1904....... 26 42 Free HCl. acid, 
Dee. 19 .. 28 0 15 
Dec. 20 .. 40 0 12 
52 0 20 
Stimulus equivalent to an Ewald Oot. 10 35 
test breakfast. 50 
CASE 2.—Miss A. K. 4, eee 10 30 
Free HC]. Total acid. 26 
Feb, 23, 1905 ...... 28 28 Feb. 22, 1905 ....... 0 30 
Feb. 24 . 48 0 28 


Case 4.—A young man with hyperacidity. The fasting stomach showed, on 
March 24, the presence of HCl and pepsin. After a shredded wheat biscuit meal, 
samples were taken every fifteen minutes. The first apearance of HCl (Giinzburg) 
was noted at 52 minutes. The highest HCl value, 42, was obtained at 67 min- 
utes. The stomach was empty at 112 minutes, and the total amount recovered 
during this time was 151 ¢.c. The following day, March 25, the fasting stomach 
was empty. Two ounces of cotton seed oil were given one-half hour preceding the 
shredded wheat biscuit meal. The first appearance of free HCl was at 69 minutes. 
The highest free HCl value, 31, was obtained at 129 minutes. The stomach was 
empty at 159 minutes, and the total amount recovered during this time was 
218 cc. April 1, two ounces of cotton seed oil were given, as before. There was 
no HC! secreted during the hour. April 2, no oil preceded the biscuit meal, and no 
HC! was secreted. 


In Cases 1 and 3 one could easily choose three successive meals which 
might suggest a condition directly opposite to that which was dominant. 
Case 4 shows how incomplete work might have given an apparent basis 
for very definite conclusions as to the action of olive oil. Had the fourth 
meal not been given, the conclusion might have been reached that an 
excellent demonstration of the depressant action of oil on the acidity 
had been obtained. The fourth meal, however, obviates any such con- 
clusion and shows that the secretion in this case was disturbed by nerv- 
ous influences. 


Serres 1.—The following are the cases studied at the University 
Hospital : 


Case 5.—Mr. F. This patient had a distinet chemical hyperchlorhydria with- 
out subjective symptoms, excepting constipation. He had attacks of nocturnal un- 
consciousness, accompanied by vomiting and frothing at the mouth, followed by 
pain in the stomach and soreness of the abdominal muscles. No attacks during 
investigation. 
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Chart 1, Case 5.—Mr. F. Record of daily meals. Total acid indicated by 
upper (heavier) solid line. Free acid indicated by lower solid line. Average 


total acidity indicated by upper dotted line. 


dotted line. 


Date. 


Sept. 30.. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


EXPERIMENT 1. 


Average HCl indicated by lower 


Quantity. Free HCl. Total acid. 
30 c.e. 27 c.c. 40¢.c. Control. 
35 7 19 Control. 
160 54 66 Control. 
120 49 63 Control. 
15 50 70 Control. 
10 20 32 Control. 
10 50 65 Control. 
40 62 76 Control. 
40 52 64 Control. 
7 40 50 Control. 
” 40 50 Control. 
0 Control. 
75 76 88 Control. 
75 72 84 Control. 
25 57 80 Control. 
4 51 70 Control. 
75 62 80 Oil, 1 oz, after. 
50 52 69 Oil, 1 oz. after. 
30 54 70 Oil, 1 oz. after. 
172 24 34 Oil, 1 oz, after. 
48 55 70 Oil, 1 oz. after. 
40 55 75 Oil, 1 oz. after. 
110 60 82 Oil, 1 oz. after. 
75 58 72 Oil, 1 oz. after. 
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; Date. Quantity. Free HCl. Total acid. 
Oct. 27. . 175 4 16 Oil before. 
Oct. 28. 180 10 20 Oil before. 
Oct. 29. 208 12 28 Oil before. 
Oct. 30. 15 25 Oil before. 
; Oct. 31. 5 0 10 Fasting stomach. 
Nov. 1.. 150 60 78 Oil after. 
Nov. 2.. 115 45 57 Oil before. 
t Nov. 3. 254 17 28 Oil before. 
: Nov. 4. 210 32 42 Oil before. 
Nov. 5. 228 18 28 Oil before. 
Nov. 6. 60 40 65 Oil before. 
Nov. 7. Special meal. 
t Nov. 8. Special meal. 
| Nov. 9. Special meal. 


EXPERIMENT 2. 
' Case 5.—Mr. F. Control meal. XI-9-1903. 


Time. Amount. Free HCl. Totalacid. Pepsin. Pepsinoge:. 
6:35. . Began eating. 
6:42 . Finished eating. 
6:45 10 c.c. 0 c.c. 0 c.c. 0 c.c. 3.61 e.e. 
6:50 11 0 0 6.7 
6:55 9.5 4 10 0.36 13.6 
7:00 12 10 21 2.56 
7:05 11 19 32 
7:10 10 21 40 9 
7:15 10.5 20 40 
7:20 10 25 50 6.7 
7:25 10 30 a6 9 
: 7:30 11 40 60 12.2 
‘i, 7:35 10 40 62 10.9 
7:40 9.5 48 68 15.2 
7:46 10 40 68 16 
7:50 10 30 52 11.2 
7:55 5 28 50 9.61 
8:00 Lavage. Practically clear. Free HCl, 11 e.c. 


Meal with oil immediately before eating. XI-7-1903. 


8:10 Began eating. 
8:17 Finished eating. 
8:20 10 c.c. Oce. 2 89 
8:25 11 0 7 2.56 
8:30 10 0 0 1.4 
8:35 13 0 7.5 2.56 
8:40 11 10 20 3.24 
8:45 10 10 20 4 
8:50 10 0 10 
: 8:55 11.5 18 30 3.24 
9:00 8 16 28 4.41 
9:05 11.5 16 30 1.96 
9:10 10.5 20 29 a 
9:15 10 19 28 6.76 
9:20 10 40 57 9 
9:25 10 40 50 10.9 
9:30 10 30 46 9 
9:35 10 32 42 4 


Lavage clean. Free HCl, 10 ¢.c. 2 
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In Charts 2, 3, 7, 8, 9, 10 and 11 the figures at the top in minutes represent 
the time subsequent to the beginning of eating. 


be br ise we jer H 


Q 


| 
Chart 2, Case 5.—A, control. B, olive oil immediately preceding the meal. 
C, olive oil immediately after the meal. 


Case 5.—Mr. F. Oil immediately after meal. XI-8-1903. 


Time. Amount. Free HCl. Totalacid. Pepsin. Pepsinogen. 
8:15 . ate .... Began eating. 

...... Finished eating. 

8:25 . 0 c.c. 0 cc. 15.3 
8:30 10.5 0 0 12.9 
8:35 . 10 5 7 14.4 
10 0 7 8.4 
8:45 10 5 10 0 

8:50 10 26 13 ae 

8:55 . 10 20 28 10.5 

9:00 10 30 40 24 

9:05 10 20 28 13.4 

9:10 10 30 38 18.5 

9:15 . 10 28 35 27 
ESE ee 10 30 40 22 

ll 31 38 18.5 
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Time. Quantity. Free HCl. Totalacid. Pepsin. Pepsinogen. 
9:30 10 32 46 19.4 

: 9:35 . 10 40 57 18.5 

10 43 57 20 

. 9:45 8 40 35 23 

9:50 . *Lavage about clean. HCl, 15 c.c. 


“Order of investigation. 


From a study of these tables and the accompanying charts the fol- 
lowing deductions can be made: 


1. In the daily meals, Table 1, the oil was given in close relation to 

| the meal. When it was given immediately after the meal, there was 
practically no change in the acid values over those of the control meals, 
but the progress of digestion was somewhat delayed. When the oil 

immediately preceded the meal, a decided decrease in the amount of the 

free acid was noticed. On November 1 a mistake was made and the oil 
given immediately after the meal, and the same result was obtained as 
in the previous administration of oil at this time. However, on Novem- 
ber 2 and 6 a somewhat similar comparative lack of depression occurred 
when oil was administered before the meal. 

t 2. The special meals show that the appearance of free HCl is dis- 
tinctly delayed when oil is given before the meal, but is unaffected when 
oil is given after the meal. The height of secretion is greatest when oil 
is not used; it is apparently slightly lowered when oil is given either 
before or after the meal, and is distinctly delayed when oil is given after 
the meal. 

3. The rate of increase in the quantity of free HCl is delayed by oil 
before or after the meal; this delay is more marked when oil is given 
before the meal. The curve of the rise of the acidity may be said to be 
concave with oil and convex without oil. Taking the readings one hour 
after each of the special meals, the free HC] is distinctly lower where 
oil was administered before the meal than after meals without oil; when 
oil was given after the meal it is only slightly lower, corresponding 

closely with the results obtained in the daily meals. The case did not 

remain long enough to enable any conclusions as to the permanency of 
the effect of the oil treatment. This will be discussed later. 


4. Variations in the amount of HC! observed may be due not to the 
lessened secretion, but to the retarded secretion. In the special meals 
the secretion often rises as high, but the rise is markedly delayed by the 
oil, and at the end of the usual time at which a test meal is removed 
from the stomach the acid value is distinctly lowered. 
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Case 6.—Mr. J. Peptic ulcer; subacute; hypersecretion; robust railroad con- 
ductor; symptoms of hyperchlorhydria marked. Operation, gastroenterostomy ; 
recently active ulcer; recovery complete. 
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Chart 3, Case 6.—Mr. J. Experiment 1, control meal indicated by solid line. 
Olive oil meal indicated by dotted line. 


EXPERIMENT 1A.—MR, J., SHREDDED WHEAT BISCUIT MEAL WITHOUT OIL. 


Total Peptie Lugol re- 

Time. Quantity. Free HCl. acid. value. action. Remarks. 
7:55 a.m........ After lavage began eating. 

... Finished eating. 

co 10 20 an 10.24 VB 

8:13 10 33 ad 20.25 VB 

10.5 40 53 16.00 VB 

8:23 10 55 70 12.25 VB 

ee 10.5 75 90 14.44 VB 

40 7.84 AC Viscid, 

37 50 6.76 AC More viscid. 
_ See 40 57 23.04 AC Very viscid. 
40 60 9.00 AC Less viscid, 
9 32 42 14.44 AC 

9:48............ Stomach washed. No HCl in washings. 

... Tube passed, aspiration continued for three minutes., 1 ¢.c. 


viscid fluid. No reaction for HCI. 
Cass 6.—Mr. J. 
EXPERIMENT 1B.—MR, J., SHREDDED WHEAT BISCUIT MEAL PRECEDED BY OIL. 


Peptic Lugol 
Time. Quantity. Free HCl. Total acid. value, reaction, 
After lavage 50 c.c. of olive oil was taken. 
ty eee ... Began eating the test meal. 
. Finished eating. 
W5ee. 0 ce. ? cc. 0 B 
0 10 0 VB 
. 12.75 15 0 VB 
10.0 10 20 0 VB 
100 12 22 2.25 VB 
| .. 10.0 20 30 2.89 VB 
8:56..... as .. 100 20 30 6.25 BV 
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; Peptic Lugol 
1 Time. Quantity. Free HCl. Total acid. value. reaction. 
| 9:01 2 6.25 BV 

9:06 . 100 20 30 10.8 BV 

9:1) 100 30 40 5.29 BV 
} 9:16 .. 100 33 45 7.84 BV 
9:21 ~ Be 33 44 5.29 VB 

9:26 . 100 38 48 7.84 BV 

tf 9:31 . 100 40 55 10.8 VB 

; 9:36 . 100 50 62 10.8 BV 
{ 9:4) . 10 53 7 16.8 BV 

9:46 . 110 62 78 7.84 BB V 

9:5) 10.0 70 85 7.29 BV 
T 9:56 . 100 73 90 10.8 VV B 
| 10:01 . 100 73 88 10.8 VV B 

10:0€ . 100 80 92 12.25 VVV B 

100 82 96 10.08 VVV B 

_* 10:16 . 100 80 100 7.29 VV B 

10:21 . 100 76 90 18.49 B 

10:20 . 100 80 95 22.09 AC 

A 10:31 . 200 83 100 28.09 AC 

t 10:31 . Stomach washed, water returns clear dimethyl- 
amidoazobenzole. 

10:38 15 30 10.8 BV 

10:41... 40 50 8.6 BV 


Lavage after last sample contained no free HCl. 
"Few flecks of meal. 
Case 6.—Mr. J, 


: EXPERIMENT 2.—ORDINARY DAILY SHREDDED WHEAT BISCUIT MEALS, OIL AS 
SPECIFIED. 
Date. Quantity. Free HCl. Total acid. 
April 9 . hee. 62 c.c. 72 c.c. Control. 
April 10 . 120 78 88 Control. 
April 11 120 66 74 Control. 
April 12 . 20 70 88 Control. 
April 15 . 52 60 Control. 
April 14 65 59 Control. 
: April 15 . 60 52 62 Control. 
April 16 . 5 88 81 Control. 
: April 17 . 280 22 34 Oil before. 
April 18 . 130 38.6 54 Oil before. 
April 19 . 173 10 26 Oil before. 
April 20 . 195 4h 60 Oil before. 
April 21 . 220 14 30 Oil before. 
Average . 74 62.5 73 8 without. 
Average. ... .. 199.6 25.7 41 5 with. 


In this case a most pronounced change is seen in the rate and height 

of secretion, as well as in the motor power. With the special meal there 
is a distinct lengthening of the digestive period. Digestion, instead of 

continuing one hour and forty minutes, as it did in the control meal, 

was lengthened to two hours and ten minutes when the meal was pre- 

ceded half an hour by oil. In the oil meal the rate of secretion of hydro- 

chloric acid was markedly retarded. With the control meal a free acid 

value of three was obtained 12 minutes after beginning to eat; with the 
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oil meal 2314 minutes elapsed before the faintest reaction for free acid 
could be demonstrated. 

The height of digestion, 78, with the control meal was reached in the 
middle of the digestive period, 40 minutes after beginning to eat, while 
with the oil meal the height, 82 to 83, was attained at the end of the 
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Chart 4, Case 6.—Mr. J. Daily meals. The upper and heavier dashed line is 
the total acidity curve, which is averaged in the solid, heavier line; similarly, 
the HCl is shown in the lower dashed line and this is reduced to average in the 
lower solid line. 


digestive period, about two hours after beginning to eat. ‘The total 
output of HCl has, by this time, reached a quantity considerably above 
that observed in the control meal. 


The motor power is distinctly lowered by the oil. With the control 
128 c.c. were recovered during the stage of digestion; with the oil meal 
over twice as much, 277 ¢.c., were obtained. At the end of one hour, the 
usual time a test breakfast is permitted to remain in the stomach, the 
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secretion with the control meal is slightly in advance of that in the oil 
meal. 

With the peptic values there is a change corresponding in each meal 
with the change in the acids. 

Doubtless little reliance can be placed on Lugol’s test for starch 
digestion in an experiment of this character. It would be reasonable to 
expect that, with 23 minutes of practically achlorhydria, much, if not 
nearly all, of the starch would have undergone the change to anachrom. 
With the oil meal anachrom was not obtained until the end of digestion, 
when the free acid was excessively high. The erythrodextrin stage was 
quickly reached in each case. For this reason the tests were not con- 
tinued in the other cases. 

The daily meals show similar effects from the oil. The height of the 
secretion is, however, more markedly lowered with the oil meals. The 
decrease in motor power in the oil meals is as striking as it is in the 
special meal, the average amount recovered being nearly three times as 
much as the control. This rather tends to strengthen the value of the 
special meal, which, together with the daily meals, may be said to be 
fairly representative of what actually takes place in this case after oil is 
administered. 


Case 7.—Mr. N. Stomach neurosis. 
Total Peptic 


Date. Amount. Free HCl. acid. value. Remarks. 
October 27, 1903... 100¢.c. 32¢0c. TOece. 4.84 Control meal. 
October 28........ 74 55 75 4.41 Control meal. 
October 29........ 75 52 66 12.25 Control meal. 
October 30........ 96 nO 64 16.00 Control meal, 
October 31........ 74 49 64 5.29 Control meal. 
November 1...... ia 52 64 4.84 Control meal. 
November 2...... 25 45 60 10.24 Control meal. 
November 3...... 60 52 67 4.90 Control meal. 
November 4...... 80 54 66 4.41 Control meal. 
November 5...... 0 26 2 1.60 Oil given 1% hr. before. 
November 6...... 50 50 62 5.10 Oil given 1% hr. before. 
November 7...... 300 0 11 0.00 Oil given % hr. before. 
November 8...... 199 58 78 2.60 Oil given 14 hr. before. 
November 9...... 120 56 7 20.50 Oil given 1% hr. before. 
November 10...... 65 39 59 3.01 Oil given 1%, hr. before. 
November 1]l...... 70 60 75 16.00 Oil given \% hr. before. 
November 12...... 92 66 80 21.7 Oil given ¥, hr. before. 
November 13...... 102 32 42 3.02 Oil given %4 hr. before. 
November 14...... 70 52 66 9.93 Oil given %4 hr. before. 
November 15...... 62 38 57 9.27 Oil given 14 hr. before. 
November 16...... 70 D4 69 1.06 Oil given % hr. before. 
November 17...... 152 0 13 0.00 Oil given %4 hr. before. 
November 19...... 7 60 70 ere Oil given ¥, hr. before. 
November 20...... 118 8 22 0.28 Oil given 1% hr. before. 


November 21...... 68 48 64 14.06 Oil given 1% hr. before. 


| 
| 
{ 


D. M. COWIE—/J. F. MUNSON, 75 


In this case no special meals were given. The acidity curve for the 
nine days preceding the oil meals was comparatively constant. The 
fluctuations were within fairly narrow limits. As soon as the oil is 
given, wide variations are noted. At one time, November 7, there was no 
secretion of free acid, and the total acidity was only 11; the motility was 
also markedly lowered, 300 c.c. being recovered at the end of one hour. 
After this the fluctuations continued within wide limits, touching zero 
again in ten days, but with a less marked lowering of the motility. On 
the twentieth day the HCl dropped to 8, but the same stimulus gave an 
acidity of 48 on the following day. 
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Chart 5, Case 7.—Daily meals. The upper broken line is the total acidity 
curve, which is averaged in the upper continuous line. The HCl is shown in the 
lower broken line, and reduced to average in the lower continuous line. 


If a curve of the average for the control and the oil meals be plotted, 
a distinct depressant effect from the oil is noted. In the presence of two 
0 and one 8 acid values that can not be explained, it is a question whether 
the average lines should be so low. Omitting the records of November 7, 
17 and 20, the average line comes to 40.8. That there is depression from 
oil on the 5th, 10th, 13th and 15th is unquestioned. On the other days 
nervous factors may have been at work with which we could not acquaint 
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ourselves in the period of nine days which seemed long enough for a 
control. The great variation in the acidity after the beginning of the 
administration of oil suggested that it would be of interest to continue 

the observations, but the patient had to leave before a second series of 
controls could be carried out. Such controls seem very important in 
order to allow a proper interpretation of this case. There can be no 
question but that oil has at various times had a decided depressant effect = - 
both on the secretions and the motility. 


Control 1g of jest before before Control 
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Chart 6, Case 8.—A. P. J. Daily shredded wheat biscuit meals. Upper solid 
line indicates total acid. Dashed jine indicates free acid. Lower and heavy solid 
line indicates average free acid. 


Case 8.—Mr. A. P. J. Hyperchlorhydria with symptoms. No ulcer. 


DAILY MEALS WITH AND WITHOUT OLIVE OIL, 
Total Peptic 


Date. Amount. Free HCl. acid. value. Remarks. 
November 17,1903. 40cc. 94ec ll4ec. 1.0 No olive oil. 
November 18 .. 100 90 106 No olive oil 
November 19 . 100 88 104 5.24 No olive oil. 
November 20 85 94 112 44 No olive oil. 
November 21 . 93 lll 44 No olive oil. 
November 22 92 102 5.6 No olive oil. 
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Total Peptic 

Date. Amount. Free HCl. acid. value. temarks. 
November 23 60 96 106 . No olive oil. 
November 24. 100 96 112 1 oz. immediately before. 
November 25. 100 80 100 1 oz. immediately before. 
November 26.. . 100 80 96 1 oz. immediately before. 
November 27. 90 S4 96 1 oz. immediately before. 
November 28. 110 84 100 1 oz. immediately before. 
November 29. 125 84 108 1 oz. immediately before. 
November 30. . 130 60 86 2 oz. immediately before. 
December 1 95 7 92 2 oz. immediately before. 
December 2....... 105 68 87 2 oz. immediately before. 
December 3. 110 86 102 2 oz, immediately before. 
December 4 110 58 78 2 oz. \% hr. before. 
December 5.. . 130 42 54 2 oz. Y% hr. before. 
December 6....... 125 64 S4 2 oz. \% hr. before. 
December 7....... 80 48 64 2 oz. \% hr. before. 
December 8....... 95 64 88 2 oz. 10 min. before. 
December 9.... 100 54 72 2 oz. 10 min. before. 
December 10.... 110 48 60 2 oz. 10 min. before. 
December 11.... 95 60 78 2 oz. 10 min. before. 
December 12. 105 64 82 2 oz. 10 min. before. 
December 13.... 60 66 76 No oil before. 
December 14. . 9 108 118 No oil before. 
December 15.... 95 94 108 4.00 No oil before. 
December 16.. 110 96 106 6.25 No oil before. 
December 17.. oy ae S4 96 5.03 No oil before. 


This case was observed for thirty days. The first control series con- 
sisted of seven meals. The second control series, beginning on the 
twenty-sixth day, consisted of five meals, making twelve control meals in 
all. The effect of dosage, as well as time of administration, of the oil is 
well illustrated in the average free hydrochloric acid curve. Two ounces 
of oil immediately preceding the meal causes a decidedly greater depres- 
sion than one ounce. Two ounces half an hour before the meal brings 
about a still more marked depression of the secretions. It would seem 
that in the second instance the increase in the amount of oil accom- 
plished exactly what increase in time before the meal did in the third 
instance. ‘I'wo ounces of oil should spread itself over the gastric mucosa 
more quickly than one ounce. Two ounces half an hour before the meal 
has still a better chance to cover the entire gastric mucosa, and conse- 
quently it may be argued a greater depression should be brought about. 
That the greater depression in the third instance is not due to prolonged 
treatment with oil is shown by the rapid rise of the HCl in the second 
control series to a point even higher than was reached in the first. 


C. ox 9. 


Mr. L. Hypersecretion with hyperchlorhydria. 


EXPERIMENT 1a. 


March 9. 1906.—Fasting stomach contained 20 ¢.c., free HCl 30, total acids 40. 
After lavage, patient ate a shredded wheat biscuit meal. 
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Time. Quantity. Free HCl. Totalacid. Pepsin. Pepsinogen. 
7:55 . Began eating. 
8:03 . Finished eating. 
8:05 . Bee ae. 7.5 cx 0.1 0.6 
8:10 13 12.5 15. 5.3 6.7 
8:20 14 32.5 7.5 21.1 25. 
8:30 12 35 2.5 1.75 
8:40 15 32.5 7.5 6.25 10.9 
8:50 13 42.5 92.5 18.9 23. 
9:00 — 40. 52.5 14. 18.9 
9:10 . i 35. 50. 16.8 25. 
9:20 12 50. 60. 25. 
9:30 5 50. 60. 
9:40 4.5 32.5 50. 14.4 
9:43 . Lavage shows 5 free HCl. 
22° | 40) 497) 99160 6a | 70 
6s 
ee 
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Chart 7, Case 9.—Mr. L. 1, solid line control; 2, line of long dashes, first oil 
meal, two ounces oil half hour before; 3, line of short dashes, second oil meal, 


three ounces oil half hour before. 


EXPERIMENT IB. 


March 10, 1906.—Fasting stomach, 8 ¢.c., free HC] 25, total acid 39. After lavage 
the tube was allowed to remain in the stomach 6 minutes; 5 ¢.c. was now ob- 
tained showing free HCl 20, total acid 30. Peptic value of fasting stomach 
41.5, and of the tube stimulation 16. 


Time. Quantity. Free HCl. Totalacid. Pepsin. Pepsinogen. 
8:10 . .. Took 2 ounces olive oil. 

8:40 . Began eating. 

8:43. . Finished eating. 

8:50 I175ec. 38 12.2 18.9 
9:00 : .. 95 30 35 25 


9:10 45 60 
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Time. Quantity. Free HCl. Totalacid. Pepsin. Pepsinogen. 
13 50 65 28 
Sc . 52 70 16.8 18.9 
Serene 10 55 70 7.8 
11 50 68 37.2 26 
10 50 67 37 
9 40 58 42.2 23 
5 33 53 25 
WEEE “hctweelvoeceetens Lavage. No free HCl. 5 16 9 


EXPERIMENT lc. 


A third meal, given on a date not recorded. Fasting stomach gave 10 ¢.c., con- 
taining free HC] 46, and total acid 60. 


Total Pep- 
Time. Quantity. Free HCl. acid. sin P. V. 
After lavage 3 oz. olive oil was given 

through a tube. 

12.5 42 65 19.3 


The stomach now appeared empty and as the patient was very tired no lavage 
was given. 
SUMMARY. 


Digestive period. Amount recovered. 
Control meal .. 1:45 121 ee. 
First oil meal 1:65 118 c.c. 
Second oil meal. 2:15 148 c.c. 


In this case there has been little or no depressant effect on the secre- 
tions from the oil. The second oil meal shows changes which simulate 
those in the preceding meals, a slow rise in the free acid as contrasted 
with the abrupt rise of the control, increasing gradually, with the excep- 
tion of the 8:20 sample, ‘oward the end of the digestive period, which 
has been distinctly prolonged. The factor of hypersecretion doubtless 
plays an important réle in this case and will be considered later under 
that head. 

SERIES II. 


The following cases are those studied at the Craig Colony for Epi- 


leptics: 


ig 
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Case 10.—No. 1416. Mr. H. E. W. Bad heredity. Epilepsy followed typhoid 
fever. Attacks of grand mal about once a week. No gastric complaints. The test 
meals consisted of two or two and a half ounces of bread and two glasses of water. 
Samples were taken every fifteen minutes. 
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Chart 8, Case 10.—H. E. W. Experiment 1, heavy solid line, total acid of con- 
trol. Heavy dashed line, total acid of oil meal. Lighter (and lower) dashed line, 
free acid of oil meal. 


EXPERIMENT 1. 
June 8, 1906. 


Time. Quantity. Free HCl. Total acid. 
$:25 . . Began eating. 
8:48 . Finished eating. 
8:50 . 20 17.5 @.c. 21.5 
9:05 20 18.5 29 
9:20 26 24 40 
9:35 25 35 49 
9:50 . 21 37.5 52 
10:05. 30 35 52.5 
10:20 8 13.3 26.6 


Free HCl, highest, 37.5, at 85 min. Amount recovered, 150 c.c. 
June 9, 1906.—Same test breakfast as above. 


Time. Quantity. Free HCl. Total acid. 
7:45 0.75 oz. cotton seed oil. 

8:20 Began eating. 

8:31 . Finished eating. 

8:36 . 10 9 14 ee. 
8:50 . & 13.5 22.7 
9:05 . 80 17 33 
9:25. 25 21.5 43.5 
9:40 25 23 45 
9:55. 24 33.4 56.2 
10:12 5 30 47.5 


Free HCl, highest, 33.4, at 95 min. Amount recovered, 144 c.c. 


EXPERIMENT 2. 


June 11, 1906.—Shredded wheat biscuit meal. 


Time. Quantity. Free HCl. Total acid. 
8:24 . . Began eating. 
8:34 Finished eating. 


8:36 28 c.c. 3.7 8.7 ¢.¢. 
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Time. Quantity. Free HCl. Total acid. ' 
Eee 27 18.5 26 
9:12 28 30 41 
ee 25 32 43 
20 42.5 55 
2 41 54 
12 38 48 
4 30 35 

Highest free HCI, 42.5, at 79 min.; 164 ¢.c, recovered. 
June 12, 1906. | 
Time. Quantity. Free HCl. Total acid. 

2 oz, oil per tube. 

8:02 Began eating. 

eee Finished eating. 
8:12 22 c.c. 6 ce. 10.4 c.c. 
8:28 20 8 17 | 
30 24 33.5 
9:03 30 34 46 i 

Highest free HCl, 46, at 78 min. Recovered 152 c.c. 

This patient had an epileptic attack about 7:30 a. m. preceding the control Me 


meal. He came to the laboratory at 8:15, complaining of a headache, and was 
slightly confused. 
EXPERIMENT 3. 


June 14, 1906.—Shredded wheat biscuit meal. 


Time. Quantity. Free HCl. Total acid. 
... Began eating. 

8:34 .... . Finished eating. 

...-. 20 22 33 
.... 40 52 
9:20 . 35 48 
9:35 . 50.7 61 
ree 10 57 67 


Free HCl, highest, 57, at 85 min. Amount recovered, 140 c.c. 


June 15, 1906.—Shredded wheat biscuit meal with oil. 
Time Quantity. Free HCl. Total acid. 


es Oil, 2 oz. 
7:32 . Began eating. 
7:38 «. Finished eating. 
7:40. 15 cc. 6 ll eae. 
7:55 15 16 21 
8:10 1 18 26 
8:25 15 28 38 
8:40 15 48.3 57.3 

9:10 15 56.6 68.3 
10 50 60 

Free HCI, highest, 57, at 83 min. Amount recovered, 115 c¢.c. 
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EXPERIMENT 4.—DAILY MEALS. 

Free Total 
Date. Last seizure. Quantity. HCl. acid, 
June 19 . . G, 9:40 p.m. 
June 20 . Tee. 86e.c. 
July 5 . Gi pm. 90 66 80 
July 6 40 66 76 
July 7 ih 110 54 68 
July 9 110 46 56 
July 10 110 55 69.6 
July 26 a 105 54 66 Oil. 
July 27 ee ve 38 50 62 Oil. 
110 63 72 Oil. 
July 29 G. 12:25 p. m. 
July 30... 12 60 88 Oil. 


Total number of daily meals, 12. 
Average of 7 meals without oil, HCI, 59.4; total acid, 71. Amount, 100 c.c. 
Average of 5 meals with oil, HCl, 60.8; total acid, 75. Amount, 67 c.c. 


Mi ap Ou 
70 
£0 = 
A, 43 
50 
+ 

mi 
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Chart 9.—Heavy solid line, total acid of control. Lighter solid line, 
HCl of control, Heavy dashed line, total acid for oil meal, being an average of 
experiments 2 and 3. Lighter (and lower) dashed line, HCl after oil meal, 


average of experiments 2 and 3. 


SUMMARY. 


In this case four experiments were conducted, three special meals 
and one series of daily meals. The results may be summed up as fol- 
lows: There is distinct evidence of a depressant effect from oil in all of 
the special meals. With the control meals the rise of the HCl curve is 
quicker in all cases, except in Experiment 3. The rate of the secretion 
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is decidedly lowered by oil, being twenty minutes behind the control in 
Experiment 1 and about twenty minutes behind the control in Experi- 
ment 2. The height of digestion is reached at the end of the digestive 
period instead of the middle, as in the case of the control in Experiments 
1 and 2, while in Experiment 3 practically no change can be noted. 

Experiment 4 shows no depressant effect from the oil, but rather a 
reverse of what has been noted heretofore. In none of the experiments 
has there been any lowering of the motor power, and in Experiment 4 
there seems to be a distinct increase in the motor power. 


Case 12.—Mr. W. Grand mal. No gastric symptoms. Test meals of dry 
toast and water. 
EXPERIMENT 1, 


Time. Quantity. Free HCl. Total acid. 
Began eating. 
ey Finished eating. 

20 11.2 23.2 
20 16 32 
30 16 28 
6 15 2.5 

ad | + /\ae 


T+ 8.-Comlve? 

7h. \ 


Z 
4x Case 


Chart 10, Case 12. 


June 28, 1906.—Attack at 12:50 p. m. 


Time. Quantity. Free HCl. Total acid. 
7:05 Oil given. 

- Wee. 0 ec... 4 coc. 
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EXPERIMENT 2.—DAILY MEALS, 


Date. Quantity. Free HCl. Total acid. 

June 23 . 90 c.c. 32 44 

June 26 . 55 38 48 

June 29 . 4 2 3 

July 3. 200 8 16 Oi). 
July 5. 90 18 30 

July 6. ? 26 36 

July 7. 65 13 25 

July 9 . 10 20 Oil. 
July 10 . 95 37 50 Oil. 
July 26 . 18 00 Oil. 
July 27 . 7 14 26 Oil. 
July 28 . 80 16 27 


Average of 7 control meals: HCl, 20.7; total acid, 28; amount, 64. 
Average of 5 oil meals: HCl, 14; total acid, 28; amount, 92. 


SUM MARY. 


Experiment 1.—The acidities with the oil were all distinctly higher 
than with the control. There is, however, a slowing of the rate of secre- 
tion in the oil meal, as well as a lowering of the motility. As the ob- 
servations were made only at intervals of twenty minutes, the extent of 
the lowering of the rate of secretion can not be determined. The oil 
meal preceded an epileptic seizure by only a few hours. This may 
account for the increase in the acidities and the disappearance of the 
free HC! in the last samples. 

Experiment 2.—Twelve meals were given in this series. There is 
distinct depression of the acidity from the oil and a lowering of the 
motility. If the averages are compared, distinct depression and decreased 
motility are noted. In the control meals, taken at random, there is a 
variation in the free acid values of from 2 to 32, while a corresponding 
change takes place in the total acid values. It is, therefore, impossible to 
maintain that the apparent depression in the oil meals is due to oil. 

Attacks of the grand mal occurred June 24, at 12:15 p. m., and July 
27, at 9:35 p. m. It may be noteworthy that the attack on June 24 was 
followed by almost complete absence of free acid, and that the attack of 
July 27 was preceded by a similar observation. 

A case showing such wide variations is not suitable for experimenta- 
tion. The record is presented here because the results of the special 
meal followed the general rule, showing a decrease in the rate of secretion 
with oil, and also because it may serve as an illustration of the possible 
outcome of observations taken at intervals so widely separated—ten days 


in one instance. 
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Case 13.—Mr. A. H. Grand mal. No gastric complaints. ; 
EXPERIMENT 1. 
Probably June 17, 1906. 
Time. Quantity. Free HCl. Total acid. 
Finished eating. 
15 c.c. 0 ee. 2 cc. 
15 8 12 
13.5 20 
12 34 
17 27 38 
20 18 29 
20 20 32 
. 22 35 


EXPERIMENT 2. 
June 18, 1906. 


Time. Quantity. Free HCl. Total acid. 
... QOil given, 
7:30. ... Began eating. 
7:36. ... Finished eating. 
7:40 . 0 ce. 4 co. 
7:55 . . 16 24 
8:10 . 9 13 
8:25 20 42 56 
8:40 15 40 51 
8:55 15 20 34.6 
9:10 31 2.5 
9:25 . 20 22 35 
9:40 . 15 36.3 49.5 
10:00. 15 25 40 


EXPERIMENT 3. 


June 27, 1906.—Dry toast meal. Epileptic seizure the 
night before experiment. 


Time. Quantity. Free HCl. Total acid. 
7:45 . ........ Began eating. 
7:52 .. Finished eating. 
8:00 . . Wee. l ee, 4 cc. 
8:20 . . 2 32 41 
10 39 48 
Stomach empty. 


SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCl. Total acid. Oil. Seizures. 

June 19 . 100 cc. 60 ce. 74 ¢.¢. 

June 20 . 120 58 73 

June 21... . 45 46 60 

June 22 ae 70 82 

June 23.. 64 74 

G. M., 11:35 p. m. 
7 June 26.. .. 10 18 24 

June 28... ise 12.5 75 Oil. 


June 29 . 1 26 42 Oil. 
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i Date. Quantity. Free HCl. Total acid. Oil. Seizures. 
} July 3... ie) 9.9 22 Oil. Attack before meal. 
62 76 9th, 5:20 a. m. 
July 10.. . 90 27 42 
July 6. . 10 50 90 
ik . 80 61 75 
July 9. 25 56 66 
\, July 26. . 120 55 63 5:00 a, m. 
July 28... . 78 26 42 Oil. 
Averages.— 
12 meals. . .. 66.6 55.5 70.6 No oil. 
4 meals..... . &4 18.6 45 With oil. 


An inspection of the tables in this case shows that with the special 
meals the acidity was somewhat higher after the oil than after the con- 
trol meals. The quantity recovered with oil is smaller than without. 

The tests following daily meals show that with oil the quantity is 
somewhat decreased, while the acids are markedly lower than in contro! 


meals. 


Case 14.—Mr. H. Grand mal. 
EXPERIMENT 1.—SPECIAL MEALS. 


June 22, 1906.—Samples taken every 15 min. No seizures. 


Time. Quantity. Free HCl. Total acid. 
... Finished eating. 
4 e.c. 8 cc 
36 44 
10 
June 23, 1906.—Samples fifteen minutes apart. 
/ Time. Quantity. Free HCl. Total acid. 
.... Finished eating. 
15 10 ee. 22.5 
Stomach empty. 


June 28, 1906.—Samples every twenty minutes. No seizures. 


Time. Quantity. Free HCl. Total acid. 
........ Finished eating. 
20 4 ce. 8 ce. 


} 
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EXPERIMENT 2.—DAILY HOURLY MEALS, 


Date. Quantity. Free HCl. Totalacid. Seizures. 
19 e.c. 55 66 c.c. None. No oil before. 
8 None. Oil before. 
160 24 36 None. No oil before. 
2 ere 100 48 64 None. No oil before. 
5 20 30 None. No oil before. 
ee, ee 75 69 85 None. No oil before. 
Ser 75 60 72 G.M.,6:40a.m. No oil before. 
39......... 48 62 None. Oil before. 
16 27 None. Oil before. 
10 as None. Oil before. 
280 Tr. 12 None. Oil before. 
tk eae 20 20 32 None. No oil before. 
August 1........ 155 22 32 None. Oil before. 
Averages...... 47.5 45.3 58 Without oil. 
116 22.5 34 With oil before the meal. 


This patient had epileptic seizures as follows: June 22, grand mal at 5:50 
a. m.; June 29, grand mal, 10:40 p. m.; July 9, grand mal at 6:40 a. m.; July 29, 
grand mal at 12:50 a. m. It is of interest to note that on the day following the 
last seizure free HCl was present only in traces, 


Summary.—Experiment 1.—No depression is seen from oil in the 
first oil meal. The stomach emptied itself very quickly. The second oil 
meal shows a delay in the appearance of acid, a decrease in the amount at 
the height of digestion, and a prolongation of the digestive period, the 
height of which was reached at its end. 

It will be observed that the average acidity of the oi] meals was lower 
while the quantity recovered was increased. 

Case 15.—Mr. R. C. P. Epilepsy of unknown cause. Attacks of grand mal 


and petit mal. At one time there was an aura consisting of a sensation of cold in 
the stomach and a quickening of the heart, No gastric symptoms. 


EXPERIMENT 1. 
June 18, 1906.—Shredded wheat biscuit meal. 


Time. Quantity. Free HCl. Total acid. 
...... Began eating. 
.. Finished eating. 
8:16 15 4.6 12 
8:30 15 14 20 
8:45 15 0 10 
9:00 15 16 25 
15 10 16 
June 19, 1906.—Shredded wheat biscuit and oil. 
Time. Quantity. Free HCl. Total acid. 
Began eating. 
Finished eating. 
15 c.e. 0 cc. 2 cc 
eo 15 0 6 
15 0 0 
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EXPERIMENT 2. 


Daily meals of shredded wheat biscuit until June 25, inclusive; toast meals 
thereafter. 


Date. Quantity. Free HCl. Total acid. Oil. Seizures. 
June 20... -. Wee. 46.3 c.c. 58 ec. Control. P.M., 1:20 p.m. 
June 21.. . & 50 62 Control. Mild, 2:40 a.m. 
June 22 ss 51 64 Control. 

June 23. . 2 51 64 Control. 

June 25. . 20 12 19 Control. G., 10 p. m. 
June 26. <a 25 35 Control. 

July 3 .. 190 8 16 Oil. 

July 5 in a 30 40 Oil. 

July 6. .. 80 Mi 66 Control. 

July 7. .. 45 57 71 Control. 

July 9. aan 25 44 Oil. 

July 10 bias pe 17 35 Oil. 

July 26. ... M8 ll 20 Oil. 

July 27 31 41 Oil. 

2 10 20 Oil. 


Averages of 9 control meals: HCl, 39.8; total acid, 51; amount, 39. 
Averages of 6 oil meals: HCl, 20.3; total acid, 32; amount, 94. 


Cont vol. Control Before 
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Chart 11, Case 15.—Experiment 2, heavy line, average total acid. 


SUMMARY. 
Experiment 1 shows what thus far seems to be the rule with the 
special meals, namely, a depression of the acidity by oil, a decrease in the 
secretion, which continues at its height to the end of the digestive 


rate of 
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period or reaches its highest point only at that time. The motility was 
unaffected by the oil. 

Experiment 2.—Fifteen meals were given in this series, 9 without oil 
and 6 with oil. The secretion was distinctly depressed by the oil and the 
evacuation of the stomach lengthened. 


Case 16.—Mr. G. S. Grand mal. 


SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCl. Total acid. Oil. Seizures. 
4 cc. 20 cc. 40 Control. 
July 6...... 10 40 50 Control. 
July 7 17.5 30 Control. 
15 32.5 Control. 
July 10 is 22.5 32.5 Control. 
July 26 . 45 43.4 53.4 Control. 
@......... 8 0 Oil. 
on he 10 20 Oil. G. 1, a. m 
July 31... . § 0 5 Control. 
August | 9 14 20 Control. 
August 2 i 20 40 Oil. G. 2, night. 
Augen 8 Tr. 5 Oil. 
Averages.— 
Oil meals . . 8.4 7.0 19 


In this case attention should be called to the fact that up to the time of giving 
oil on the 27th, the lowest free HCI acidity was 15. The apparent effect of the oil 
was to reduce the secretion from 43.4 on the 26th to 0 on the 27th. On the 30th, 
following the administration of oil, the free acid was 10, while on the succeeding 
day without oil, its value was 0. On the next day free HCl reappeared and on 
August 2, notwithstanding the administration of oil, the record was a little 


higher. 

Clinical and experimental experience tends to teach us that the effect 
of a dose of oil does not persist throughout the following day or even 
through the next meal. Its action seems to be limited to the period im- 
mediately following its administration. 

When one considers these records the following questions arise : 


(1) Was the low acidity found between July 27 and 30 dependent on 
nervous factors, and was its association with the administration of oil 


merely a coincidence ? 
(2) Was this low acidity, on the other hand, due to a true depressant 
action of the oil and were the low values of July 31 and August 1 the 


result of a persistence of one’s depressing influence ? 


90 ACTION 


Case 17.—Mr. L. R. 


Date. Quantity. 
July 5 . Kee. 
July 7 35 
July 40 
July 10 30 
July 26 8 
July 27 28 
July 28 155 
July 30 170 
July 31... 12 
August 1.. 130 
August 2.. 30 
Averages.— 
23 
102 


Case 18.—Mr. C. M. 


Date. Quantity. 
July 5.. Wee. 
July 6... 10 
July 7. 120 
July 9... 20 
July 10 145 
July 26 120 
July 27 50 
July 28 240 
July 30 

July 31. 75 
August 1. 45 
August 2... 20 


Averages.— 
40 
With oil.. 17 


40 


OF OIL 


ON 


Total acid. 


46 
51 
54 
57 
63 
25 
12 
18 
33 


Total acid. 
40 
65 
61 
51 
48 
50 

6 
41 
54 
20 
34 


71 
90 


SUMMARY OF DAILY MEALS, 


Free HCl. 


Oil. 


Control. 
Control. 
Control. 
Control. 
Control. 


Oil. 
Oil. 
Oil. 


Control. 


Oil. 
Oil. 


GASTRIC ACIDITY. 


Seizures. 
July 5, 1 p. m. 


Aug. 3, 1 a. m. 


All attacks petit mal. 
All attacks petit mal. 


SUMMARY OF DAILY MEALS. 
Free HCl. 


Oil. 


Control. 
Control. 
Control. 
Control. 
Control. 
Control. 


Oil. 
Oil. 
Oil. 


Control. 


Oil. 
Oil. 


Seizures. 


July 29, a, m. 


July 31, a. m. 


Petit mal. 
Petit mal. 


In this series the control meals show free HC] values between 30 and 


48, while the oil meals show a drop to below 30. 


The increase in the 


free HCl value on July 31 is of interest because oil did not precede the 


meal. 


Case 19.—Mr. F. K. 


Date. Quantity. 
July 5.... . Wee. 
July 6... § ° 
July 7.. 15 
July 9.. 100 
July 10.. = 
July 25... 
July 26.. 120 


July 27... oe 


6 


Total acid. 
8 ce. 

40 

58 

52 


52 
12 


66 
46 


SUMMARY OF DAILY MEALS. 
Free HCl. 


Oil. 


Control. 
Control. 
Control. 
Control. 
Control. 


Control. 


Oil. 


Seizures. 


P., a. m. 

P., 25, a. m 
2 P., 2, a. m 


Vil 
| 
34 
33 
37 
41 
: 53 July 25, 1 a. m. 
15 
4 
10 
23 
18 25 
11 26 
37 
30 
48 
47 
37 
38 
30 
0 
29 
40 — 
20 
51 
30 | 
| G., a. m. 
44 
40 
5 
ee 
32 
\ 
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Date. Quantity. Free HCl. Total acid. Oil. Seizures. 
Ae 40 0 10 Oil. G., 28, a. m. 
ee 340 14 23 Oil. 
15 15 33 Control. 
Pees 80 58 70 Control. 
August 2........ 55 26 39 Oil. Po. & 
Averages.— 
eee 44 31.0 85 2 G. mal. 
With oil......... 107 18 29 6 P. mal. 
Case 20.—Mr. G. 8. 
Date. Quantity. Free HCl. Total acid. Oil. Seizures. 
15 e.c. 24 ce. 42 cc. Control, 
11 23 Control. P., July 7, a, m. 
decor terre 30 26 45 Control. P., July 8, a. m. 
ke ee 11.6 25 Control. P., a. m. 
July 25...... P., July 25, a. m. 
ae 27 39 Control. P., July 26, a. m. 
eee. 10 23 Oil. 
& 0 4 Oil. 
July 30...... . 50 31 41 Oil. 
32 45 Control. 
August 1...... . 31 46 Control. 
3........ TS 7 16 Oil. 
Averages.— 
eee 32 26.5 42 
Wee 12 21 


Case 21.—Mr. B. C. 
SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCl. Total acid. Oil. Seizures. 
55 e.c. 40 Control. G. M. 
120 19 38 Control. 
. 35 12 26 Control. Pp. 0. 
75 21 39 Control. 
kee 75 20 36 Control. 
100 6 20 Oil. 
60 14 26 Oil. 
200 6 18 Oil. 
fae 115 22 34 Control. 
110 21 32 Oil. 
August 2........ 23 33 Oil. 
Averages.— 
21 35 
With oil......... 104 14 26 


Case 22.—Mr. A. L. No seizures during experiment. 


SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCl. Total acid. Oil. 

45 28 46 Oil. 

36 20 35 Oil. 

100 27 34 Oil. 
Averages.— 

30 48 
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Case 23.—Mr. H. Y. No seizures during experiment. 
SUMMARY OF DAILY MEALS. 


August 4 80 23 33 Control. 
August 6 30 36 47 Control. 
August 7 30 34 45 Control. 
August §& 25 32 43 Control. 
August 9 « “an 9 16 Oil. 
August 10 . 30 50 Oil. 
August 11 . 170 10 23 Oil. 
August 13 co 37 48 Oil. 
Averages.— 
With oil > a 21 34 
. 41 31° 42 


Case 24.—Mr. R. W. 
SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCl. Total acid. Oil. Seizures. 

August 4 8 ce. 15 ee. 25 cc. Control. G. M., a. m. 

August ¢ . 23 36.4 48 Control. G. M., a. m. 

August 7 60 60 78 Cont rol. G. M., a. m. 

August § 12 30 50 Control. 

August 9% 12 6 20 Oil. 

August 10 15 206 36 Oil. 

August 11 20 20 37.5 Oil. 

August 12 G.M.,Aug.12, a.m, 

August 13 10 17.5 32.5 Oil. 

August 14 G.M.,Aug.14, a.m, 
Averages.— 

No oil .... & 35.3 50 

Case 25.—Mr. W. C. 7 

Date. — Free HCl. Total acid. Oil. Seizures. 

August 4... 50 c.c. 19 c.e. 42 cc. Control. 

August 6 . 55 31 50 Control, 

August 7 20 34 Control £6. a 

August 8 . 5O 18 32 Control, 

August 35 23 Control. 

August 10 . 45 8 24 Oil. 2 p. m. 

August 11 . 3 33 47 Oil. 

August 13... . 15 15 32 Oil. 

August 14... . 70 40 54 Oil. 

August 15 Aug. 15, 2 p. m. 
Averages.- 

With oil... . 66 24 39 

No oil ..... 20 36 


Notr.—This case shows little change in the acidity, while after the adminis- 
tration of oil the evacuation is delayed. 


Case 26.—J. E. No. 1992. No seizures during experiment. 


SUMMARY OF DAILY MEALS, 


Date. — Free HCl. Total acid. Oil. 

August 4 115 ce. 34 48 Control, 
August 30 16 35 Control. 
August 7 95 34 55 Control. 
August 8 4 15 30 Control. 
August 9 . 8 14 32 Control. 
August 10 a 22 38 Control, 
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Date. Quantity. 
August 12.... 15 
August 14..... 105 
August 16...... 170 
45 
Averages.— 
37 
83 


Case 27.—R. B. No. 1045. 
SUMMARY OF DAILY MEALS. 
Total acid. 


Date. Quantity. 
August 6.. 15 
August 7.. 10 
August 8.. 5 
August 10... 40 
42 
August 14..... 94 
Averages.— 
56 


Free HCl. 
10 
? 
23 
16 
30 
28 
19 


19 
23 


Free HCL. 
8 ee. 

30 
16 


Total acid. 
27.5 
20 
41 
36 
48 
44 
37 


35.6 
41 


No seizures during experiment. 


50 

27 
37.5 
50 
52 
43 
30 
38 


36 
41 
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Oil. 
Control. 


Oil. 
Control, 
Control. 
Control. 
Control. 
Control. 
Oil. 

Oil. 
Oil. 
Oil. 


The oil had apparently no effect in this case except to decrease the motility. 


Case 28.—H. 8. No. 885. No seizures during experiment. 


Date. Quantity. 
Bee. 
August 6.. 0 
20 
August 8.. 10 
August 9... 10 
August 11... 125 
August 13.... 15 
Averages.— 
14 
50 


Case 29.—W. H. No. 1278. No seizures during experiment. 
SUMMARY OF DAILY MEALS. 
Free HCl. 


Date. Quantity. 
August 6.... 80 
August 7... 45 
35 
70 
25 
Averages.— 
50 


40 cc. 


36.3 
6 


20 ee. 
24 
31 
30 
17 
9 
18 
41 


21 
29 


SUMMARY OF DAILY MEALS. 


Free HCl. Total acid. 


51 ee. 


50 
41 
16.6 
35 

5 


47 
18.7 


Total acid. 


32 
40 
47 
43 
31 
22 
32 
50 


36 
40.5 


Oil. 
Control. 
Control. 

Control. 
Control. 
Oil. 
Oil. 
Oil. 


Oil. 
Control. 
Control, 
Control. 
Control. 
Oil. 

Oil. 
Oil. 
Oil. 


|_| 
Control. 
Oil. 
Oil. 
Oil. 
Oil. 
Oil. 
| 
30 
32 
18 
15 
20 
21 
J ] 
31 
10 
10 
0 
|_| 
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Case 30.—W. M. No. 1096. No seizures. 
SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCI. Total acid. 
August 6. 20 c.c. 32 ce. 54 ee. 
August 7. 12 14 22 
August 8. 12 35 53 
August 9. 12 42 57 
August 10... 115 20 40 
August 11.... 165 20 33 
August 13... 14 20 35 
Averages.— 

14 29.5 46.5 
With oil.... 98 20 35 


Case 31.—F. K. No. 1889. No seizures. 


SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCI. Total acid. 
August 4 Wee. 14 ce. 29 
August 6.. 18 23 42 
August 7.. 95 32 50 
August 8.. 8 18 26 
August 9%. 10 25 40 
August 10.. . 240 8 22 
August 11. 290 13 27 
August 13.. 170 29 42 
August 14... 35 16 20 
August 15... 98 49 62 
August 16.... 135 42 54 
Averages.— 
With oil ...... . 161 26 38 
32 22.4 37 


Case 32.—J. W. 
SUMMARY OF DAILY MEALS. 


Date. Quantity. Free HCl. Total acid. 
August 6. 5 e.e. 15 30) ce. 
August 7. ; 8 32 40 
August 9.. . 18 17.5 35 
August 10 72 40 56 
August 11.. 20 35 
August 13... 12 0 15 
August 14... 18 6 18 
August 15.... 42 17 28 
August 16..... 50 12 23 
August 17...... 82 9 23 
August 18... . 40 0 

Averages.— 
21 24.9 29.2 
48.4 10 33 


Case 33.—Mr. A. K. (This case was overlooked and is not included in the 
summaries. ) 


Oil. 
Control. 
Control. 
Control. 
Control. 
Oil. 

Oil. 
Oil. 


Oil. 
Control. 
Control. 
Control, 
Control, 
Control. 
Oil. 

Oil. 
Oil. 
Oil. 
Oil. 
Oil. 


Oil. 
Control. 
Control. 
Control. 
Control, 
Control. 
Control. 
Oil. 

Oil. 
Oil. 
Oil. 
Oil. 


iq 

| 

| | 
| | 
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EXPERIMENT 
June 20, 1906. 


Time. Quantity. Free HCl. Total acid. 
7:50 .............. Finished eating. 
2 ce. 6 Ge. 
8:05. 16 26 
. 20 25 36 
16 43 58 
Te 
| ry | Coptrgl al¢ 
4 Y | il efgres 
L—| 
at 


Chart 12, Case 33.—A, K. 


EXPERIMENT 2. 
June 21, 1906. 


Time. Quantity. Free HCl. Total acid. 
7:00... . Oil taken. 

7:30 . . Began eating. 

7:36. . Finished eating. 

7:40 . Bee 2 ce. 6 cc. 
7:55 20 5 12 
8:10 15 5.4 17.4 
8:25 15 0 20 
8:50 15 6 12 
9:05 20 4 22 


A marked lowering of the acidity will be observed in the meal preceded by oil. 
On the next day, in 70 minutes, the free acid was 71 and the total acidity 87; on 
the 23d, 42 and 51. The diminution was therefore exactly coincident with the 
administration of oil. 

The cases reported in the epileptic series were observed wholly by Dr. 
Munson. In connection with these cases, there were factors, the con- 
sideration of which will be taken up by him in a separate paper. The 
patients were all taking the bromid treatment, and, as this was a constant 
factor, we may assume that the effect, whatever it may have been, was 
constant. From a consideration of this series it would seem that an 


epileptic seizure does not exercise any definite influence on the gastric 
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secretion. At times a lowering of the acid values is observed before the 
seizure, while again a similar condition may follow the attack. When 
the cases of this series are taken collectively and considered critically, 
they are seen, for the greater part, to follow closely the rules established 
by the University Hospital cases. 

The following table, comprising 310 stomach analyses of the daily 
meal series, has been compiled for the purpose of showing the average 
quantity and acidities of control meals, without oil, compared with meals 
preceded half an hour by oil: 


TABLE 1. 

Case. Number of Meals. (Quantity. Free HCl. Total acid. 
No. Control. Oil. Control. Oi). Control. Oil. Control. Oil. 
5 15 9 40 158 51 21 65 34 
i Ss 5 74 199 62.5 25.7 73 41 
er 9 16 64 106 49 40.5 66.2 55 
¥ 12 9 S4 105 91 55.5 104.9 62.2 

1. 7 5 100 67 59 60.8 71 75 
 - 7 5 64 92 20.7 14 28 28 
13. 12 4 66 54 55.5 18.6 70.6 45 
14 7 6 47.5 116 45.3 22.5 58 34 
15 8 7 44 67.5 43.6 18.8 53.8 30.8 
16 8 5 11.2 8.4 21.5 7 33 19 
17 6 5 23 102 37 12 5 21 
18 7 5 71 90 40 17 ] 30 
19 . 8 4 44 107 31 18 5 29 
20 8 4 32 65 26 12 42 21 
21 6 5 7 104 21 14 35 26 
22 3 4 61 60 30 29 48 46 
23 4 4 41 87 31 21 42 34 
24 4 4 26 14 35.3 16 50 31 
25. 5 4 42 66 20 24 36 39 
26. 8 5 37 83 19 23 35.6 41 
27 5 4 56 ll 21 21 41 36 
28 4 3 14 50 36 6 47 18.7 
29 . 4 4 50 110 29 21 40.5 36 
30 4 3 14 98 29.5 20 46.5 35 
3l 5 6 32 161 22.4 26 37 38 
32 6 5 21 46.4 20.6 8.8 35 18.4 
Averages of all meals....... 43.3 85.6 36.4 22.4 51.3 35.5 


From the compilation of the averages of these 26 cases the following 
observations may be made: 

(a) The motility was decreased in 18 cases, increased in 5 cases,® 
unchanged in 3 cases.’” 


8. Cases 10, 18, 16, 24, 27. 
9. Cases 5, 6, 12, 14, 15, 17, 18, 19, 20, 21, 23, 25, 26, 28, 30, 31, 32. 


10. Case 22. 
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(b) The free acid was decreased in 19 cases,’ increased in 0 cases, 
unchanged in 6 cases."* 

(c) The total acidity was increased in 17 cases,** increased in 0 cases, 
unchanged in 8 cases.'* 

A true estimate of the action of oil on the gastric functions may be 
obtained by comparing the following averages of the 170 control meals 
with the 140 meals preceded by oil, for in these individual characteris- 
tics and modifying circumstances will be eliminated almost completely. 

Quantity. Free HCl. Total Acidity. 
........ . 43.3 36.4 51.3 

For this series of 310 meals, withdrawn one hour from the beginning 
of ingestion, it may be concluded that the administration of two ounces 
of oil, half an hour before the meal, delays the evacuation of the stomach 
and decreases the acidity markedly. 


TABLE 2. 


Height of secre- [Uj}timate End of secre- 
tion reached height of tion reach- 


in the secretion with 


Free acid value — - =. with the .. <a 
of oil meal os oil meals es 
Beginning of secre- after 1 hr., compared 
Case No. of tion in the oil comparedwith =< == witheon- $s Sc 
No. meal. meals. control. trols. 
5 1 Delayed 10 min. Decreased, 65 70 Lower, 85 90 
2 Unchanged. Decreased. 65 85 Lower. 85 95 
6 3 Delayed 10 min. Decreased. 45 140 Higher. 75 140 
9 4 Unchanged. Same. 50 40 Same. 60 65 
5 Hastened. Increased. 50 30 = -Higher. 60 70 
10 6 Hastened. Decreased. 85 95 Higher, 115 115 
7 Unchanged. Increased. 79 78 Higher. 136 111 
8 Unchanged. Higher. 110 113 
12 9 Unchanged. Increased. 85 83 Lower. 100 120 
13 10 Unchanged. Increased. 80 80 Higher. 155 150 
14 11 Increased. Increased. 125 55 Lower. 76 75 
12 Delayed 5 min. Decreased. 45 20 ~=Lower. 76 95 
15 13 Delayed 31 min. Decreased. 45 95 Same. 83 68 
33 14 Delayed 5 min. Decreased. 66 68 Lower. 63 95 

Decreased. 63 80 

5 delayed. 8 deer. 4 hastened. 6 lower. 8 prolonged. 
Averages. .3 hastened. 5 iner. 7 prolonged. 6 higher, 2 shortened. 
6 unchanged. 1 same. 3 unchanged. 2same. 4 unch’ng'd. 


In the special meal series a few additional points are demonstrated. 
An interpretation of the action of oil in producing the above effects is 


11. Caoses 5, 6, 7, 
12. Cases 10, 22, ° 


2, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 28, 29, 30, 32. 


, 26, 27, 31. 


23, 24, 28, 30, 32. 


> 
13. Cases 5, 6. 7, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
14. Cases 10, 12, 2 


22, 25, 26, 27, 29, 31. 
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obtained. By referring to Table 2 and the acidity curves, it will be 
observed (1) that of the fourteen meals eight showed decreased acid 
values at the end of an hour, the decrease being marked in most cases 
and corresponding with the change noted in the daily meal series; (2) 
that in some cases the acidity reached its height earlier with the oil 
meals, but that in half of the cases the height of the secretion with the 
oil meals is markedly delayed as compared with the controls; (3) that 
the secretion period, or the period of digestion, is distinctly prolonged in 
eight of the fourteen meals. 

There are many factors associated with experiments of this character 
which render it almost impossible to duplicate at all times the observa- 
tions on the phenomena of digestion which may be made on dogs with 
isolated miniature stomachs. The psychic effects are altogether of an 
opposing nature, and the method of experimentation of necessity is 
radically inferior. The dog knows nothing about his miniature stomach 
and has only the most pleasurable psychic influences during his feeding, 
digestion and subsequent experimentation. In our cases the knowledge 
of experimentation and the discomfort caused by the presence of the 
tube in the stomach, or by its frequent passing, are constantly present. 
Under such conditions there are certainly no appetizing influences at 
work and consequently little or no psychic juice, which seems to figure so 
largely in Pawlow’s experiments, is secreted. 

When, under ideal conditions, the administration of oil to dogs with 
miniature stomachs brings about lowered acidity values, delay of the 
height of digestion, lengthening of the digestive period and lowering of 
motility, and when experiments on the human stomach are followed, in a 
large proportion of cases, by results which closely simulate other dogs, 
it would seem only logical to conclude that the conditions observed in the 
dog’s stomach are closely analogous to those which occur under similar 
conditions in the human being. 

Such results as were obtained in Case 6 and Case 9 are influenced by 
a factor which in the one case (6) was not always at work, while in the 
other (9) it was constant, namely, the factor of hypersecretion. In the 
former case our examinations showed intermittent hypersecretion ; in the 
latter continual hypersecretion, for in this case the fasting stomach 
always contained a strongly active gastric juice. 


Our experiments show that, when once the secretion is induced, its 
progress is not easily influenced by oil. At times, in hypersecretion, even 
though the precaution be taken to wash and drain the stomach, only a 
few seconds will suffice to enable one to collect a sample of gastric juice 
of decided peptic value (Case 6). If, on the other hand, the fasting 
stomach contains no gastric juice and oil be introduced, the characteristic 


| 
| 
| 
| 
| 
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group of digestive phenomena are almost invariably observed, namely, 
delayed secretion, retardation of the appearance of the height of diges- 
tion, prolongation of the digestive period. 


DISCUSSION. 


We have definitely confirmed the observations of others and proved 
that oil produces a certain group of gastric phenomena which are spoken 
of as depressant. The question as to how this is brought about appears 
to us to have been unsettled up to the present time. As cited in our 
introductory remarks, Pawlow maintains that the influence of fats and 
oils is exercised through reflex central stimulation of the inhibitory 
nerves of the glands or the inhibitory centers of these nerves; that it is 
not the result of their purely mechanical action in covering the mucous 
membrane and preventing excitation of the nerve endings. Later he 
admits that the mechanical effect has not vet been satisfactorily shown. 
Pawlow’s experiments are conclusive that oil does have a central inhib- 
itory action. But, we think, the purely mechanical effect of oil plays 
a great, if not as great, a part in lowering the acidity of peptic digestion. 

It has long been known that certain kinds of food remain in the 
stomach longer than others, and that the evacuation of the stomach, 
as well as its secretion, is subject to food stimulation. If food, coated 
with oil, cannot stimulate the gastric nerve endings, no juice will flow 
until, by mechanical effect, the oil is removed from certain portions of 
the food. We may then consider that oil acts mechanically in two ways: 
(1) by covering the food; and (2) by covering the mucosa. We bring 
forward two experiments which seem to sustain these views. If three 
pieces of coagulated egg albumin of the same size be immersed for a 
few minutes in water, glycerin and olive oil, respectively, and then 
placed separately in tubes containing equal amounts of stomach fluid 
and incubated at body temperature, it will be observed that by the time 
the control has been completely dissolved, which occurs with comparative 
rapidity, the glycerinized piece is about one-half digested, while the 
piece immersed in oil is only beginning to show the slightest change 
around the edges. It is quite apparent from this experiment that oil 
interferes with digestion by coating the food and mechanically prevent- 
ing the digestive juices from attacking it. 


The fact that oil, given immediately before or after a test meal, 


does not bring about so marked a lowering of the secretions as when it 
is given half an hour before, leads one to believe that there are more 
than reflex central inhibitory influences at work. Food stimulation, as 
well as psychic stimulation of nervous mechanisms, is usually more 
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promptly induced. Two ounces of olive oil administered ten minutes 
before a meal depresses the secretion more than does one ounce, but 
not as much as when it is given thirty minutes before the meal. 

To see if this mechanical phenomenon could be shown graphically, 
the following experiment was conducted in the Radiographic Depart- 
ment of the University Hospital. Our thanks are due Mr. Vernon J. 
Willey, director of the laboratory, for giving freely of his time, and 
for the excellent radiographs made. 

Two ounces of olive oil, intimately mixed with one ounce of bis- 
muth subnitrate, were given to a very thin patient with slight gastrop- 
tosis. The patient was strapped to a plate and two minutes after swal- 
lowing the mixture an exposure was made. Another plate was exposed 
at ten minutes, another at fifteen, and still another at twenty-five min- 
utes. In the first plate the oil and bismuth appears as a roundish or 
oval mass lying at the bottom of the stomach. As the time progressed an 
increase in the area of coating occurred, until at twenty-five minutes the 
entire stomach was coated. 

From this experiment, particularly when taken in conjunction with 
Case 8 and the preceding experiment, it can be asserted that olive oil 
delays the secretion of the gastric juice to a considerable extent, at least 
by mechanically coating the walls of the stomach. 

Taking all facts into consideration, the following conclusions appear 
to be justified : 

1. Oil depresses the secretions of the stomach by reflex central action. 

2. The reflex action is unlike that of ordinary food stimulation in 
that it is slower. 

3. The reflex central action is a quantitative one, the depression be- 
coming greater as the amount of oil administered is increased. 

4. Oil depresses the secretion of the gastric glands by mechanical in- 
hibition of food stimulation: (a) by coating the food; (b) by coating 
the stomach wall. 

5. In proportion to the rapidity with which the walls of the stomach 
are covered with oil, the inhibition of secretion occurs, from nervous as 
well as from mechanical influences. 

Our experiments lead us to the opinion that the characteristic group 
of phenomena which follow the administration of olive and cotton seed 
oil are due to mechanical action as well as to reflex, central, inhibitory 
stimulation. 

Much knowledge can be obtained from experiments of this character. 
Such experiments, though laborious and beset with numerous factors of 
error, are entirely feasible. Although the results compare closely with 
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those acquired by animal experimentation, still it would seem advisable 
to proceed along some such line as this and investigate the action of all 
food stuffs, as well as of such drugs as are supposed to influence gastric 
secretion. A trustworthy control and a suitable subject are the all- 
important requirements. In the University Hospital cases hyperchlor- 
hydria was present. In the Craig Colony cases the secretions were for 
the greater part within what we call the normal limits. Normal cases 
would probably form a more ideal basis of investigation from a purely 
experimental point of view. 


CONCLUSIONS. 


1. Olive oil and cotton seed oil, when given in connection with the 
usual test breakfast, decrease the gastric acidity at the end of the hour 
and retard the evacuation of the stomach. 

2. The beginning of the secretion of hydrochloric acid is delayed 
when oil precedes the meal, unchanged when oil follows the meal. 

3. The height of digestion is delayed when oil is given either before 
or after the meal. 

4. The height of secretion is lowered when oil precedes the meal, un- 
changed when oil follows the meal. 

5. If the progress of digestion is watched by the removal of small 
samples of stomach fluid at frequent intervals it will be observed, when 
oil precedes the meal by one-half hour, that at the end of what is usually 
taken as the digestive period for a test breakfast (three-fourths to one 
hour) the acidity is distinctly lower, while as great a height as is present 
in the control meal is frequently reached some minutes later. 

6. The action of oil on the stomach functions is only a temporary 
one. It has no effect on subsequent meals unaccompanied by oil. 

%. The therapeutic value of oil is apparent. In suitable cases it is 
preferable to antacids because of its caloric value. In hyperchlorhydria 
it should precede the meal. In hypochlorhydria it should follow the 
meal. In stasis and persistent slow evacuation it should be eschewed. 
In hypermotility it may be given before, during or after the meal. 

8. Oil lowers the gastric secretion both by reflex central inhibitory 
stimulation and by mechanical action. 


Lawrence Building, Ann Arbor. 


EXPERIMENTAL AND CLINICAL INVESTIGATION OF THE 
PULSE AND BLOOD PRESSURE CHANGES IN 
AORTIC INSUFFICIENCY.* 

HUGH A, STEWART, M.D. 

BALTIMORE, 

INTRODUCTION. 


Although the collapsing pulse has, since the time of Corrigan, been 
one of the most characteristic features of aortic insufficiency, and 
although in its exaggerated form it furnishes the most typical of all 
pulse tracings, nevertheless one is struck by the frequency with which 
the sphygmograph produces a seemingly normal tracing in cases of 
perfectly definite aortic insufficiency where the sensation to the finger 
is that of a collapsing pulse. Usually it has been considered that such 
tracings are the result of instrumental defect or imperfect technic in 
making the tracings, and in a few cases they are ascribed to a simul- 
taneous occurrence of aortic stenosis along with the insufficiency. 

The diserepancy between the sphygmographic tracings and the sub- 
jective notes is well exemplified in the examination of the records of 
patients observed in the Johns Hopkins Hospital during the past four 
years, in which the pulse was described and the description accompanied 
by a sphygmographic tracing. Of 50 such records of cases of aortic 
insufficiency, in 58 per cent. the pulse was stated to be collapsing, while 
in the remaining 42 per cent. it was described as being gradual in its 
fall or non-collapsing. 

The large proportion of cases which do not present a collapsing pulse 
is a point of great importance, and will be referred to later. The rapid- 
ity of the upstroke, which is constantly referred to by authorities as one 
of the leading features of the pulse, varied so little in the various trac- 
ings that it was impossible to utilize it as a standard whereby the two 
types of pulses could be compared. Advantage was taken, however, of 
that other characteristic of the sphygmogram, viz.: the low position of 
the dicrotiec notch on the catacrotic limb as the criterion for comparison. 
In all but two cases, in which the pulse was described as non-collapsing, 
the notch was situated above a line drawn parallel to the abscissa, and 
midway between it and the apex. In those cases described as collapsing, 


 * Thesis presented for the degree of M.D. of the University of Edinburgh, 
April 31, 1907. Awarded gold medal and authorized for publication. 
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no such definite relation existed, for in those in which the amplitude of 
the pulse wave was great it was situated below this line, while in those 
in which the pulse wave was smal] it assumed a position above it, and the 
tracing partook of all the characters of a normal pulse. 

Examples of these different types of pulse in aortic insufficiency are 
seen in Figures 1, 2 and 3. 


NIN 


Fig. 1.—Pulse described as non-collapsing. The dicrotic notch is situated 
above the line midway between apex and trough of the waves. Case of uncompli- 
cated insufficiency. Systolic blood pressure, 160. Diastolic blood pressure, 70. 


From the explanation hitherto advanced, that collapse of the pulse 
in this disease results from regurgitation, it is difficult and indeed 
impossible to account for the absence of the collapsing pulse in the large 
percentage of cases mentioned above. The explanation which would 
first suggest itself would be that the leak was small in degree and insuffi- 
cient to render the vessels flaccid. The intensity of the diastolic murmur 
at the base of the heart, or the extent of cardiac hypertrophy and dilata- 
tion being no absolute gauge of the amount of blood which regurgitates 
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Fig. 2.—Pulse described as collapsing. The dicrotic notch is below the mid- 
line. Systolic pressure = 150. Diastolic pressure = 60. 


into the ventricle, it was only from those cases which came to autopsy 
that information could be gathered on this point. Of the 21 cases which 
during life presented evidence of aortic insufficiency without a water- 
hammer pulse, 6 were examined postmortem. Four had varying degrees 
of arteriosclerosis. In 3 autopsies, the cusps were not so described that 
conclusions could be reached as to their actual incompetency. In the 
other 3, however, the valves were stated to be markedly shrunken and 
incompetent (without any accompanying stenosis). It is clear, then, 
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from these facts that distinct inadequacy of the aortic valves can exist 
without any accompanying water-hammer pulse, and its absence must 
be due to some other condition of the circulation. 

The explanation will be proved experimentally to be that which was 
surmised by Sansom.’ He recognized two types of pulse in aortic insuffi- 
ciency. One in which the rise and fall are sudden, and a second in which 
there is “a resemblance with the tracings indicating high tension.” In 
describing the latter class, he says: “The summit of the trace is broad- 
ened, the tidal wave being sustained, the dicrotic notch, though ill pro- 
nounced, is high in the tracing, and the gradually sloping line corre- 
sponding to the diastolic period tells of peripheral obstruction.” The 
question, then, naturally arises, When shall a pulse be considered col- 
lapsing? Simple as this question at first sight seems, we are confronted 
at once with some difficulty in answering it. For, according to Mac- 
Kenzie* and Broadbent,* the most distinctive feature of a collapsing 
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Fig. 3.—Pulse described as collapsing. The amplitude is small and the dicrotic 
notch is situated above the midline. Apparently a normal pulse tracing. Systolic 
pressure = 110. Diastolic pressure = 60. 


pulse is, in effect, the fact that while in the normal radial pulse the 
dicrotie notch falls nearer the summit than the trough of the pulse wave 
(i. e., above the line drawn midway between summit and trough), in the 
collapsing pulse it is to be found below this line. In other words, the 
greater portion of the fall in the collapsing pulse occurs before the 
dicrotie notch, while in the normal pulse it occurs after it. Now, since 
Huerthle* has proved that the dicrotic notch divides the pulse tracings 
into two portions, the systolic occurring before the notch and the dias- 
tolic occurring after it, it is but a paraphrase to restate the criterion of 
MacKenzie and Broadbent by saying that in the normal pulse the greater 
portion of the fall in the pulse wave is diastolic in time, while in the 
collapsing pulse of aortic insufficiency the greater portion of the collapse 
(occurring before the dicrotic notch) is systolic. 


1. Diagnosis of Diseases of Heart, London, 1881, p. 290. 
2. Study of Pulse. 
3. The Pulse, p. 205. 
4. Arch, f. d. ges. Physiol., Bonn, 1891, xlix, 65. 
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In other words, if MacKenzie and Broadbent are correct, the greater 
part of the collapse occurs, not at the time when blood should be leaking 
back into the ventricle, but while it is still flowing from the ventricle 
into the aorta, during systole. The authors themselves do not attempt to 
explain this paradox; in fact, they do not even appear to realize its 
existence. 

We are, therefore, confronted with the following problems: 

First.—To investigate the substantial truth of the statement of 
MacKenzie and Broadbent, that the dicrotic notch occupies a low posi- 
tion in the pulse curve of aortic insufficiency. In other words, to deter- 
mine whether the main fall of pressure is systolic or diastolic in time. 

Second.—To determine the condition to which the main fall of pres- 
sure in aortic insufficiency is due. 

In order to solve these problems, I have made numerous observations 
on patients in the medical service of Prof. L. F. Barker, in the Johns 
Hopkins Hospital, Baltimore, and I have performed many experiments 
on animals in the physiologic laboratory of the Johns Hopkins medical 
clinic, which is under the charge of Dr. A. D. Hirschfelder. 

I would take this opportunity of expressing my warm thanks to 
Professor Barker for the many privileges which he has in so generous a 
manner extended to me while attending the medical clinic of the Johns 
Hopkins Hospital. Through his kindness [ was enabled to utilize the 
clinical material under his charge and at the same time to carry on 
experimental work in the physiologic laboratory of his clinic. 

I am also under a debt of gratitude to Dr. Hirschfelder. The experi- 
mental part of this research was carried out under his guidance, and my 
obligations are heartily acknowledged for the untiring assistance and 
valuable advice which he has at all times given me. 


HISTORICAL SUMMARY. 

While to Hodgkin® may be ascribed the distinction of being the first 
to give a clinical description of this disease, it was reserved for Corrigan® 
to offer, three years later, in 1832, an explanation of its most prominent 
features. 

He recognized in the pulse only the grosser qualities of throbbing and 
pulsation. In his original article the following description is given: 

“When the semilunar valves . . . become incapable of closing the 
mouth of the aorta, then, after each contraction of the ventricle, a por- 
tion of the blood just sent into the aorta, greater or less according to the 


5. London Med, Gaz., 1829, iii, 433. 
6. Edinb. Med, and Surg. Jour., 1832, xxxvii, 225. 
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degree of inadequacy of the valves, returns back into the ventricle. 
Hence, the ascending aorta and arteries arising from it, pouring back a 
portion of their contained blood, become, after each contraction of the 
ventricle, flaccid or lessened in their diameter. While they are in this 
state the ventricle again contracts and impels quickly into these vessels 
a quantity of blood which suddenly and greatly dilates them. The dias- 
tole of the vessels is thus marked by so sudden and so great an increase 
of size as to present the visible pulsation which constitutes one of the 
signs of the disease.” 

Corrigan was conscious of the fact that the backward current of 
blood could not sufficiently account for the appearance of the collapse in 
the arteries of the lower limb, or of the arm when dependent, since the 
blood would have to flow upward in its return to the aorta, and to render 
this possible he says: “The elasticity of the brachial arteries on the 
blood just urged into them forces it back along the retrograde current of 
the subclavians, no obstacle meeting it in that direction.” He considered 
that the strength of the heart had little to do with the result, and that 
the explanation lay in the wave of large amplitude which was thrown 
into the empty artery. 

Galabin,’ forty vears later, laid stress on the quality of extreme sud- 
denness in the commencement of the pulse, which gives to the finger the 
sensation of a sudden jar or knock. He considered that this is the diag- 
nostic quality of the pulse wave of aortic insufficiency, and pointed out 
that the amplitude of the wave itself is not characteristic, unless it is 
accompanied by the sudden jar. 

This suddenness he attributed, not to an increased rate of systolic 
output, but to conditions in the vessel which altered the character of the 
pulse wave as it travels from the heart to the periphery. He maintained 
that the collapse did not exist in the larger arteries, such as the aorta and 
subclavian, but that the transformation which is seen in the wave as it 
traverses the peripheral vessels, is only an exaggeration of a change in 
the pulse form which takes place in the healthy adult. He showed that 
the rate of transmission of the pulse wave is dependent on the tension 
of the arterial walls, it being greater as the tension rises. Since the 
tension on the arterial walls is greater at the summit than at the trough 
of the pulse wave, the apex tends to overtake the base. The result is 
that the systolic elevation becomes steeper the further the wave travels 
from the heart. According to Galabin, in the normal pulse this ten- 
dency toward increased steepness of the systolic elevation is counter- 


7. Trans. Roy. Med. and Surg. Soe., London, 1876, lix, 361. 
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acted by the recoil of the arterial walls, and as the influence which tends 
to make this upstroke steeper is the difference between the systolic and 
diastolic pressures, the conditions are established in aortic insufficiency 
for its production. 

However faulty Galabin may have been in his reasoning, there is no 
doubt that he has the credit of being among the first to emphasize those 
qualities which we now imply with reference to the waterhammer pulse. 
These are the sudden, abrupt rise of the pulse curve and its rapid subsi- 
dence. 

Clifford Albutt® introduces a new factor into the conditions which 
cooperate in the production of the collapsing or water-hammer pulse. 
The great changes of pressure which occur between systole and diastole 
have the effect of lengthening and widening the vessel, so that the walls 
adapt themselves but loosely to the blood which they contain. The 
arteries are thrown into curves, which on being straightened by each 
ventricular systole cause the vessel to be thrown out of its bed “with a 
visible and palpable jerk.” That this contributes to the sensation of a 
jar or shock is undoubted, but it can not be the sole cause, for the water- 
hammer pulse can be distinctly seen before the vessels have had time to 
elongate, as is seen to follow the recent rupture of an aortic cusp. 

With the exceptions already stated, our conceptions regarding the 
collapsing pulse have undergone no fundamental change since the pub- 
lication of Corrigan’s article, and while the blood pressure changes have 
been extensively studied in experimental aortic insufficiency by Cohn- 
heim,® Romberg and Hasenfeld,’® Kornfeld™* and Rosenbach,’? the 
underlying factors in the production of the collapsing pulse either are 
not mentioned by them or are assumed to be the direct consequence of 
regurgitation. 

Among clinicians, some of the more recent authorities incline more 
to the emptiness of the arteries as the essential factor in its production 
(Gibson**), while others maintain that the sudden drop of the pulse 
wave is due to the loss of support from defective valves (Mackenzie*). 
The pervading idea is that the collapse occurs in the diastolic phase of 
the cardiac cycle, and that it is a direct consequence of regurgitation into 
the ventricle. 

That the collapse is not diastolic. but occurs during ventricular svs- 


8. System of Med., vi, 937, 

%. Leet. on Clin. Path., New Syd. Soe.,-1889, i, 49. 

10. Arch, f, Exp. Path. u. Pharmakol, Leipz., xxxix, 333. 
11. Ztschr., f. klin. Med., Berl., xxix, 91. 

12. Arch, f. Exp. Path. u. Pharmakol., Leipz., ix, 1. 

13. Diseases of Heart and Aorta, 183. 
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tole, and that it is only a secondary accompaniment of regurgitation, the 
evidence here advanced will prove. 


METHODS OF INVESTIGATION. 


The experimental part of this research was performed on dogs. It 
was found, after the first few experiments were performed, that the 
most suitable animal was a medium-sized English terrier, if possible 
over 2 years old. Young dogs were unsatisfactory, in that they did not 
appear to possess the same resistance as the older dogs and succumbed 
early in the experiment, owing to the severity of ine cutting operation. 

Each animal received 14 grain of morphia before being anesthetized 
with ether. This was administered by means of a tracheal cannula in 
connection with an ordinary ether bottle. After the thorax was opened, 
this was attached to an artificial respiration pump, and by the suitable 
adjustment of valve and T-tubes the lungs could be filled to any desired 
extent. 


Fig. 4.—Dawson’s maximal and minimal valves. 


The pulse wave was recorded with a Huerthle membrane manometer, 
attached to the right carotid artery. Fling of the lever was eliminated 
hy damping the movement with the screw lock of the apparatus. 

The systolic and diastolic pressures were measured by the use of the 
maximal and minimal valves devised by Dawson'* (Fig. 4). The more 
minute details are shown in Figure 5. 

Each consists of two glass tubes, one enclosed within the other. The 
orifice of the inner tube, which is situated laterally, is surrounded by a 
layer of peritoneal membrane, so arranged as to permit the flow of fluid 
from within outward. When the inner tube A is attached to the artery, 
and the outer B to a mercury manometer, as in the upper figure, the 
systolic or maximal pressure only is recorded, the pressure in the outer 
tube being maintained by the membrane which closes the orifice C of the 
inner tube, when the pressure falls during diastole. By connecting the 


14. Amer. Jour, of Physiol., Boston, 1906, xv, 224. 
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tube B with the artery and A with the manometer, the valve measures 
the minimal or diastolic pressure. The systolic rise of pressure now 
closes the orifice C, while the diastolic fall makes the pressure in the 
outer tube less than that which is in the inner, and thus causes a flow of 
fluid from the manometer toward the artery. By a suitable arrangement 
of stop-cocks (see photograph), the maximal valve is first connected with 
the artery, and having read off the systolic pressure on the manometer, 
it is cut off and the minimal or diastolic valve brought into communica- 
tion with the artery. 

In order to render the tracings less complicated, the systolic and dias- 
tolic pressures were read off and not recorded on the drum. It is to be 
noted that these valves do not record the systolic and diastolic pressures 


Fig. 5.—Minute details of Dawson’s maximal and minimal valves. 


of individual pulse waves. They measure the highest and the lowest 
pressures which have obtained in a given interval of time. If, however, 
this interval of time is made as short as possible, they will give records, 
which, for all practical purposes, are the systolic and diastolic pressures 
of the beats which occurred while the reading was being taken. 

The amount of systolic output and the different phases of the cardiac 
cycle were recorded by the ventricular plethysmograph devised by Hen- 
derson’® (Fig. 6). 

It consists essentially of an ordinary soft rubber ball into which a 
circular window is cut, having a diameter of seven-tenths that of the 
ball. Over this window a very thin rubber dam is cemented with rubber 
cement, and after this has dried thoroughly a second circular window is 
cut into the rubber dam, this window having six-tenths the diameter of 
the window in the ball. A small hole is then cut into the side of the 
rubber ball, and through it a small glass tube is inserted and held in 
place with washers of cork or rubber. The apex of the heart is then 


15. Amer. Jour of Phys., 1906, xvi, 325. 
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inserted into the window in the dam, and the plethysmograph pushed 
over the heart until the rubber dam fits about the auriculoventricular 
groove. The fitting should be airtight, but never sufficient to compress 
the heart. As Henderson states, it is necessary to have several sizes of 
the plethysmograph, and balls of diameters of 7, 9 and 11 em., respec- 
tively, were used, according to the size of the heart. By its opposite end 
the plethysmograph communicates by rubber tubing with a large Marey 
tambour. The superiority of this instrument over that of Roy and 
Adami and the older forms lies in the fact that it registers the volume 
changes of the ventricles only, and, the transmission being by air, the 
ventricles are subjected to no external pressure which would impede their 
diastole. 


Fig. 6.—Henderson’s ventricular plethysmograph in position. 


After each experiment, the tambour was calibrated by attaching it to 
ihe upper end of a graduated burette filled with water. One cubie centi- 
meter of water was run out at each time, and the excursion of the lever 
recorded. 

After the insertion of the tracheal cannula, the internal mammary 
arteries were ligatured in order to avoid hemorrhage when the chest was 
opened. This was done by prolonging the incision for the preliminary 
tracheotomy to the upper border of the sternum, and separating the 
suprasternal muscles. The pleure were then punctured by the finger 
and, having dissected the arteries with the finger, a ligature was passed 
around them with an aneurism needle and then the ligatures tied. 

‘The heart was exposed by reflecting the skin and pectoral muscles by 
a median incision extending along the whole anterior aspect of the chest. 
The ribs were cut near their attachments to the cartilages, and the ster- 
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num and costal cartilages removed. The pericardium was incised and 
reflected, and the plethysmograph slipped over the ventricles, until the 
rubber membrane grasped the auriculoventricular groove. 

The aortic valves were ruptured by MacCallum’s valvulotome.’® This 
instrument (Fig. 7) consists of a steel cutting hook which is passed 
down the left carotid artery. The cutting surface is on the concave 


Fig. 7.—MacCallum’s valvulotome. 

aspect of the hook, which is so curved that it does not injure the vessels 
when passed down toward the heart. The instrument is pushed down 
the artery until it enters one of the sinuses of Valsalva, after which it is 
forced through the base of the cusp. The hook is then pushed inward, 
and, on being withdrawn, it cuts the cusp in two. 

Intraventricular pressure was measured by means of a metal catheter 
passed down the left carotid artery and connected with a Huerthle ma- 


nometer (Fig. 8). 


Fig. 8.—Intraventricular sound. 


The changes in auricular pressure were recorded by passing a glass 
cannula into the auricle through a pulmonary vein and connecting this 
with a Harvard membrane manomete”. 

For the arterial, intraventricular and auricular pressures, the me- 
dium of transmission was a 5 per cent. solution of sodium citrate. 

The heart of the animal was examined at the termination of each 
experiment, and only in those cases in which the valves were torn were 


16. Johns Hopkins Hosp. Bull., Balt., No. 185, 1906, 
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the results put on record. In several cases, it was found that, in addition 
to the production of insufficiency, the intraventricular septum and the 
chorde tendinew were injured. The results of these experiments were 
not taken into account. In all, thirty experiments were performed, of 
which ten were successful, i. e., the aortic valves only being injured. In 
% the myocardium had Leen more or less damaged. In the remainder no 
insufficiency was obtained. 

Methods of Recording.—Simultaneous tracings were made of the 
pulse changes, the volume changes of the ventricles, and of the time in 
fifths of a second with a Jacquet chronograph. In the earlier experi- 
ments smoked paper was employed, but in the later ones, by the use of 
improved writing pens, it was found that black on white tracings were 
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Fig. 9.—Simultaneous tracing of the pressure in the carotid artery (upper 
curve) and of the volume changes in the ventricle (lower curve): 1. Commence- 
ment of ventricular contraction, 2. Summit of primary wave. It is reached 
about the time that the ventricle has discharged half its contents into the aorta. 
3. End of systole. It corresponds to the dicrotic notch in the carotid tracing. 
3-4. The rapid increase in volume due to the filling of the coronary arteries. 5. 
End of relaxation or diastole proper. 6-7. Period of diastasis. 7. Commencement 
of auricular systole. The contraction of the auricle takes place after the ven- 
tricles have practically filled. It causes only a slight rise in ventricular volume. 
The downstroke 1-3 indicates a systolic discharge of 10 c.c. 


more satisfactory. In every case, before and after a tracing was taken, 
the maximum and minimum blood pressures were read off. Typical 
normal tracings were always obtained before the aortic valves were 
injured. 

THE VENTRICULAR VOLUME CURVES OF THE NORMAL HEART. 

The results obtained by Henderson"® are of such far-reaching impor- 
tance that they mark a new era in our conceptions regarding the mechan- 
ism of the circulation in the normal heart. And, if true of the normal 
heart, they must modify to a still greater extent our views concerning 
the changes which occur in the circulation as a result of incompetency 
of the aortic valves. As one of the main arguments of this research is 
based on these results, his experiments have been carefully repeated, and 
the findings are in entire accord with those which he has obtained. 
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Figure 9 is a simultaneous record of the volume curve and the lateral 
pressure in the aorta as measured from the right carotid artery. After 
making allowance for the time taken by the pulse wave to reach the 
carotid artery, the figures represent simultaneous events in the two trac- 
ings. It will be seen that the greater part of the downstroke of the 
volume curve is practically a straight line, indicating a uniform rate of 
systolic discharge. Keeping in view the fact that the lever carrying the 
pen writes in thé are of a circle, the lower part of the systolic downstroke 
is seen to be more gradual, showing that toward the end of systole the 
3 indicates the end of systole and the com- 


discharge is less rapid; 3 
mencement of ventricular relaxation. This is seen to correspond with 


the dicrotic notch of the carotid tracing. Immediately following the 


completion of systole there is a small, rapid rise of pressure from 3 to 4. 


Fig. 10.—Simultaneous tracing of carotid pressure (upper curve) and of 
volume curve of normal ventricle (lower curve). The heart rate is increased to 
the optimum rate. The period of aiastasis is abolished and the auricular systole 
(a) follows immediately the ventricular relaxation. The filling is complete. 
Systolic output, 12 c¢.c. 


Henderson believes that this is due to the rapid entrance of blood into 
the coronary vessels after they are released from the compression of the 
contracted ventricles. For an instant after this sudden rise of pressure 
there is a delay from 4 to 5, followed by a large upstroke which is almost 
as rapid as the systolic discharge. The tracing shows the ventricles have 
filled at 6 in .43 of a second, early in diastole, and they remain in this 
quiescent state until the onset of the following auricular systole. At 7 
the auricle contracts, and it is seen that it ejects only a fraction of a 
cubic centimeter of blood into the already filled ventricle. 


RELATION OF HEART RATE TO THE AMOUNT OF SYSTOLIC OUTPUT. 


While the preceding tracing may be taken as typical of the heart 


beating at a normal rate, Figure 10 shows the changes which occur when 


the rate of the heart beat is increased. Tracing No. 25 shows, after 
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vagal stimulation, the effect of a slowing of the heart. It will be seen 
that at the higher rate the rate of discharge or refilling has not appre- 
ciably varied. The change has involved only a shortening, and in this 
case abolition of the period of quiescence. On the other hand, after vagal 
stimulation, the duration of systole and relaxation have remained the 
same, but slowing has been affected by lengthening the interval of rest. 
It is evident that an increase of rate up to the point which abolishes the 
period of quiescence increases the amount of blood thrown out into the 
aorta, per-unit of time, and, other things being equal, it will increase the 
work done by the heart and also the mean pressure in the arterial system. 

If, however, the heart be made to beat at a still higher rate (Fig. 11), 
the relaxation curve is encroached on by the following systole and, com- 
plete filling being prevented, it will involve a diminution in the amount 
of blood discharged at that systole. The work done by the heart in such 
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Fig. 11—Upper curve, carotid pressure. Lower curve, volume curve of ven- 
tricle. This shows effect of a very fast heart rate. Not only is there no period 
of diastasis, but the ventricular filling is interfered with by the following systole. 
The output at each contraction is diminished. Systolic discharge, 8 ¢.c. Time in 
fifths of a second. 


a case is not increased, for, although the rate is greater, the amount 
thrown out at each systole is less, and, therefore, the output per unit of 
time does not vary. 

The conclusions, then, which are to be drawn from the volume curves 
of the ventricles are: 

First.—That the part played by the systole of the auricles is of little 
importance in the filling of the ventricles. They act more as elastic 
reservoirs than as muscular force pumps. The force which fills the 
ventricle is acquired from the potential energy stored in the walls of the 
auricles from their distension by the venous pressure. The ventricles 
are not filled by the contraction of the auricles, for they are already full 
before the onset of auricular systole. Henderson thinks that the wave 
of increased pressure sent into the ventricles by the auricular systole has 
as its function only the closure of the auriculoventricular valves, which 
have previously been floated into position by the inflow during diastole. 
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Second.—That the rapidity of ventricular relaxation is independent 
of the rate of the heart, and is an unalterable characteristic for each 
heart. 

Third.—That the cardiac cycle is not diaphasic but triphasic, and 
“consists of systole, the period of contraction and discharge, diastole the 
period of relaxation and filling; diastasis, the period of rest.” 


EFFECT OF VOLUME CURVES OF VENTRICLES WHEN AORTIC VALVES ARE 
DAMAGED. 


The most satisfactory method of comparing the volume curves before 
and after insufficiency is to trace the normal on transparent paper and 
lay this over the abnormal. It is necessary for this purpose that the heart 
rate be the same in the two tracings and the rate of rotation of the drum 
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Fig. 12.—Carotid and plethysmographic curves taken immediately before the 
production of insufficiency. Systolic pressure, 105; diastolic pressure, 70; systolic 
output, 12.8 ce. The line a-b represents the ventricular tonus. 


constant. Figures 12 and 13 are the actual tracings taken before and 
after the production of insufficiency. 

When the tracings are superimposed (Fig. 14) it will be seen, con- 
trary to expectation, that the rapidity of ventricular output is slower 
in aortic insufficiency than it is normally. This is proved by the fact 
that the apex of the curve is reached in the normal in .18 second, while 
in the abnormal it occupies an interval of .22 second. 

The amount of ventricular output differs in the two by only 14 e.c. 
of blood. This is in direct contrast to the views at present held regard- 
ing regurgitation. It is thought that the amount of blood which returns 
to the ventricle when added to that which normally enters from the 
auricle is sufficient to cause a dilatation of the ventricles. Even with the 
most extensive damage to the valves, the increased systolic output did 
not exceed the normal by more than 1 c.c. of blood. 
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The upstroke, that part of the tracing which represents the cardiac 
filling, shows that the ventricle fills somewhat faster in the abnormal 
condition. Its acceleration, however, involves only the commencement 
of diastole proper, as is demonstrated by the more gradual ascent of the 
first part of the uprise. After the ventricles have filled to about one- 
fifth of their capacity, the rate of filling becomes the same, the remain- 
ing part of the uprise being gradual. When the heart remains the same, 
the time lost by the longer systole is compensated for by this increased 
rate of filling in early diastole. 

If, now, the distance between the diastolic positions of the curves 
and the base line be compared in the two tracings, an indication will be 
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Fig. 13.—Carotid pressure and ventricular volume curve after the production 
of aortic insufficiency. Systolic pressure, 105; diastolic pressure, 40; systolic 
output, 13 ee. The line a-b represents the ventricular tonus. Compare with 
tracing No. 12, in which it is shorter. This indicates that the ventricle is less 
distended. Ventricular tone and distension vary inversely with one another. 


given of the relative distension in the two conditions. The “base” in 
this instance being situated above the tracing, it is, of course, evident 
that the shorter this distance the greater the ventricular distension, and 
vice versa. On the other hand, the further the systolic portions of the 
curves are from the base line the more completely do the ventricles empty 
themselves. 

It must be recalled that the systolic discharge volume of the normal 
heart is not necessarily an indication of the amount of ventricular dis- 
tension or of the actual amount of blood which the ventricle contains. 
As Henderson"’ has shown, it is about 60 per cent. of the total volume 
difference between extreme distension as would follow a prolonged vagus 
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stimulation and extreme contraction, as exhibited in hearts which have 
stopped beating in systole. 

A constant systolic discharge may be obtained in one of three ways. 

(1) It may occur with the normal amount of relaxation and the 
normal degree of ventricular contraction. (2) With an increased relaxa- 
tion and less complete ventricular contraction, the residual blood being 
increased. (3) With a diminished relaxation and a more complete sys- 
tole, in which case the residual blood is diminished. 
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Fig. 14.—Superimposed tracing of the normal ventricle and that of the ven- 
tricle after the production of aortic insufliciency. The rate of systolic discharge 
is slower in abnormal] state. 


These different states of the ventricle are represented diagrammatic- 
ally in Figure 15. As to which of these three conditions will obtain 
will depend entirely on the ventricular tonus. A comparison of this 
distance in the two tracings (12 and 13) reveals the surprising fact 
that the production of aortic insufficiency causes the ventricle to contract 
in Condition 3, viz.: with a diminished relaxation and more complete 
systole. The amount of residual blood which is known to exist normally 
is diminished, and, while the ventricular filling is slightly greater, the 
ventricle at the end of diastole is less distended. This is also shown in 
Figure 18. 

It is impossible, in view of these facts, to accept the statement of 
Johannsen and Tigerstedt,’* that in experimental aortic insufficiency 
the ventricle does not empty itself so completely. This statement was 
hased chiefly on the theoretic grounds that when the ventricular cavity 
is dilated the blood is less completely expelled during systole. But it has 
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been shown above that the ventricle is less distended after the simple 
production of aortic insufliciency, and this can only result from an 
increased ventricular tonus. It will be shown later that if the tone is 
diminished the ventricle dilates and the amount of residual blood be- 
comes increased. ‘The comparison of the tracings, however, furnishes 
important information on the quantity of blood which regurgitates. In 
the animal from which these tracings were taken the posterior cusp was 
completely divided by MacCallum’s valvulotome, and a greater degree 
of insufficiency thus produced than can probably occur in man as a 


Conditron & Notmal State Condition 3 
Tone 
Tone 


H 
' H 
Tone 
v 
‘ 
‘ 
Des nsion’ 
ee 
Resptual Dis xsion 
; 


Fig. 15.—Diagram to illustrate the different conditions under which the ven- 
tricle with intact valves may contract. The curves represent a plethysmogram, 
indicating the same amount of systolic discharge in the three conditions. The 
length of the interrupted lines indicates the degree of tonus, the degree of disten- 
sion and the amount of residual blood, respectively. In Condition 2 there is an 
increased relaxation and an increased amount of residual blood, but a diminution 
of the degree of tonus. In Condition 3 the tonus is increased, while the degree 
of distension and the amount of residual blood are diminished. Tonus varies 
inversely with distension and the amount of residual blood. 


result of disease. As stated above, the systolic output in the two cases, at 
the same pulse rate, differed only by 14 ¢.c. of blood. There was no dimi- 
nution in the amount of blood delivered by the auricle, as was evidenced 
by the fact that there was no dilatation of its cavity. 
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The facts admit of but one interpretation, viz.: that after an exten- 
sive valvular lesion the actual amount of blood which regurgitates is 
fractional in quantity as compared with that which enters naturally 
from the auricle. 

It may, then, be asked why the loss of so small a quantity of blood 
should give rise to the various phenomena associated with this lesion. 
The point will at once become clear when one understands that the es- 
sential change is a loss of pressure rather than a transference of blood 
from the aorta to the ventricle. It must, of course, be admitted that 
some blood must regurgitate, but the conditions under which the regur- 
gitation occurs, are such that it becomes of the smallest possible amount. 
The aorta and ventricle being in direct communication, the pressures in 
the two chambers will tend to become equalized, and the curves of intra- 
ventricular and arterial pressures will show that this does occur. But a 
transference of pressure does not necessarily presuppose a transference 
of blood, just as a rise of pressure in the radial artery during the passage 
of the pulse wave is not due to a corresponding increase in the amount 
of the radial blood stream. 

The tendency toward regurgitation is lessened in the first place by 
the low pressure which will be shown to obtain in the aorta immediately 
after the completion of systole. This systolic end pressure or that which 
is present at the termination of the systolic plateau will be shown, also, 
to be very different from that which is produced at the summit of the 
primary wave, and the relation of the two is an indication of the rapidity 
of capillary flow. It is entirely distinct, although it does not differ, on 
an average, by more than 15 mm. mercury from the pressure in the aorta 
at the end of diastole. The difference in pressure between the systolic 
end pressure and that at the end of diastole is accounted for partly by 
the loss due to regurgitation and partly by the capillary escape. Under 
no circumstances, then, can this fall of pressure due to regurgitation 
exceed or even equal this difference. 

But another factor contributes to the prevention of a large amount of 
regurgitation of blood, viz.: the rapidity of ventricular filling. At the 
moment of ventricular relaxation, the pressure in the left ventricle is 
negative, and, as a result, the aortic and auricular blood are rapidly 
forced toward the ventricle. But since, as has been shown already, in 
the physiologic condition the ventricle receives venous blood only during 
the early part of diastole, the outflow from the auricle must take place 
with extreme rapidity. In the pathologic condition, while the difference 
between the pressures in the left auricle and the aorta is still great, and 
would increase the rapidity of stream from the latter, the great differ- 
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ence in size between the two openings through which the blood enters 
will render the amount of blood delivered from the aorta insignificant 
as compared with that which comes from the auricle. The ventricles will 
have filled, therefore, before an appreciable quantity has returned from 
the aorta. And since the volume curves show that the ventricular tone 
is greater, immediately the filling is completed, the ventricles are able to 
withstand the relatively low pressure which is transmitted from the 
aorta without becoming further distended. When the intraventricular 
pressure curves are presented, it will be seen that at the end of ventricu- 
lar repletion the pressure has already reached that which obtains in the 
aorta, and during the period of diastasis there is no further increase of 
intraventricular pressure. 

The change in form which results in the volume curve as a conse- 
quence of increased tension at once suggests an analogy with the corre- 
sponding effect of tension in the contraction of a skeletal muscle. The 


VV 


Fig. 16.—Simultaneous isometric and isotonic contractions of the frog’s gas- 
trocnemius. 


similarity, which was first referred to by Francois Franck'® between the 
volume curve and the isotonic muscular contraction and between the 
intraventricular pressure curve and an isometric contraction in the 
normal heart, was subjected to experimental test by Henderson.*® By 
means of an apparatus called a work adder he was able to cause a skeletal 
muscle (a frog’s gastrocnemius) to record simultaneously an isometric 
and an isotonic curve. In an isometric contraction the muscle is made 
to contract against a resistance which it is unable to overcome. The 
resistance commonly employed is a strong spring, and the small exeur- 
sion induced is greatly magnified by the use of levers. The shortening 
which results in the muscle being negligible, the curve indicates the 
changes in tension which the muscle undergoes. An isotonic contraction, 
on the other hand, is one in which the muscle is, or is not, loaded with a 
weight which it is able to lift, and the natural shortening is not impeded. 
The isometric curve is distinguished from the isotonic by the more rapid 
uprise, indicating that the greatest tension is reached much sooner than 
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the greatest shortening, and by an apex which is flat topped instead of 
rounded. Henderson’s simultaneous isometric and isotonic curves (Fig. 
16) show in a striking manner the close resemblance which they bear, 
respectively, to the pressure and volume curves of the normal ventricle. 

As a skeletal muscle is influenced in the form and strength of its 
contraction by changes in the tension which precede or accompany its 
contraction, so also is the heart when increased tension is thrown on it, 
as a consequence of abnormal states. Starling*' holds that in the normal 
state the ventricle contracts isotonically, since after overcoming the aortic 
pressure the muscle fibers can shorten without further hindrance, while 
in aortic stenosis the ventricle meets with resistance during the whole 
period of its systole, and, therefore, approximates an isometric contrac- 
tion. In aortic insufficiency, however, we have a condition in which the 
increased tension is exerted before the onset of the ventricular contraction 
and is comparable to the “loaded” isotonic curve. The normal volume 
curve is similar to the “after-loaded muscular contraction,” that is to say, 
A 3 


Fig. 17.—A. After-loaded contraction. B. Loaded contraction. 


the tension to which the muscle is subjected is that of the load, and it 
begins to act only after the muscle has already contracted. The ventri- 
cles are subjected to no tension before contracting, and, after reaching a 
certain degree of contraction, the tension remains constant until the 
end of systole. It is different, however, when the aortic values are in- 
competent. Here a considerable tension exists in the ventricular walls 
as a consequence of the transmission of pressure from the aorta. The 
condition is the same as that which exists in a loaded muscle prepara- 
tion, tension is applied to the muscle before it contracts. A comparison 
of the two volume curves at once shows their resemblance to an after-. 
loaded and a loaded muscle, respectively. 

The inversion of the volume curve will render the resemblance still 
more striking. The above curve (Fig. 17) is based on the work of von 
Kries** and shows the effect of applying tension to a muscle prepara- 
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tion before contraction. The uprise is more gradual, showing that the 
rate of contraction is diminished, and the summit of the loaded curve 
follows that of the after-loaded muscle. It will be recalled that the vol- 
ume curve of the ventricle in aortic insufficiency differs from the normal 
in exactly the same respects. It was shown that the rate of ventricular 
output is slower, and the time taken to effect complete systole delayed. 
But the comparison may be extended further. The ventricular con- 
traction of the normal heart is analogous to that in a muscle which con- 
tracts and at the summit of its contraction is relieved of its load and 
allowed to relax without any extending force. The heart in aortic insuf- 
ficiency, however, is comparable to the muscle which is subjected to ten- 
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Fig. 18.—Carotid pressure and ventricular volume curve to show the effect 
of the production of aortic insufficiency. (a) Equals insufficiency produced. The 
systolic pressure remains the same, 122 mm. of Hg., but the, diastolic pressure 
falls from 90 mm. Hg. to 45 mm. Hg. The volume curve shows that for four 
beats after the production of the lesion the ventricle becomes considerably dilated, 
and at this moment regurgitation does probably occur. After a lapse of about 
two seconds, however, the ventricle recovers itself and the distension becomes less 
afterward than before. The line ec-d is longer than a-b, equals increase in the 
ventricular tone. The ventricle also empties itself more completely. The apex 
of the volume curve is further from the base line. 


sion during the phases of contraction, elongation and rest. The effect of 
tension so applied is to increase the rapidity of elongation, and to this 
action we may attribute the more rapid uprise of its volume curve. The 
conclusion arrived at by Schenck** in relation to the effect of tension on 
the contraction of skeletal muscle may with equal force be applied to the 
ventricle: “Tension protracts contraction and hastens relaxation.” 


EFFECT ON BLOOD PRESSURE OF RUPTURE OF THE AORTIC VALVES. 

Cohnheim,’ in his classical experiments, found that, although the 
valves are ruptured and no longer able to effect closure during diastole, 
“the mean arterial pressure remains at precisely the same level.” Rosen- 
bach" repeated his experiments and obtained the same results. Since then 
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the investigation has been undertaken by numerous other observers, but 
their experiments do not, in every case, agree with those of Cohnheim 
and Rosenbach. While MacCallum*® found that the blood pressure 
remains remarkably high, Kornfeld*t noticed that it may either be 
increased or diminished. 

These experimenters, without exception, used the ordinary mercury 
manometer attached to the carotid artery. As is well known, this instru- 
ment does not follow promptly the quick changes of pressure which 
occur between systole and diastole, and the limited excursion gives only 
an approximate reading of the mean blood pressure; nor, on account of 
its relatively sluggish movement, can either the systolic or diastolic 
pressures be accurately measured. ‘The use of the Huerthle manometer, 
along with the maximal and minimal valves, gives a ready means whereby 
both systolic and diastolic pressures can not only be measured accurately, 
but also recorded. 

The following table gives the result of the production of aortic insuf- 
ficiency on the maximal and minimal blood pressures in ten experiments : 


After 
Expt. Before. insufficiency. 
No. Sys. Dias. Sys. Dias. Lesion. Result. 
1 125 90 125 50 Post. cusp. Dog survived shock of lesion. 
2 126 80 90 20 Int. cusp. Dog died. 
3 140 120 140 30 Post. cusp large. Dog survived. 
4 115 80 115 28 Ext. cusp. Dog survived. 
5 105 70 75 35 Post. cusp. Dog died. 
6 170 155 100 40 Post. cusp. Dog died. 
7 100 70 100 45 Post. cusp. Dog survived. 
8 155 120 160 80 Ext. cusp. Dog survived. 
9 150 72 150 50 Post. cusp. Dog survived, 
10 120 90 85 10 Post. cusp. Dog died. 


It will be seen that in none is the systolic pressure increased after 
the valves are rendered incompetent. In those cases in which the ani- 
mals survived the shock of the lesion, the systolic pressure remained at 
exactly the same level. The diastolic pressure invariably undergoes a 
diminution which was found not to depend entirely on the amount of 
damage done to the valves. While the systolic pressure is not affected 
by the lesion, the mean pressure falls, since, as shown by Dawson,** it is 
nearer and follows the diastolic pressure much more closely than the 
systolic. In all the experiments, therefore, the mean blood pressure fell. 
It is to be noted that in those animals which succumbed after the produc- 
tion of the insufficiency the systolic pressure also underwent a marked 
diminution. This merely indicated that the heart was failing and unable 
to eject the previous quantity of blood. The ventricles under these cir- 
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cumstances gradually dilated and stopped beating in diastole after the 
lapse of about ten minutes. And while the fall of systolic pressure re- 
sulted from a lessened output the maintenance of the systolic pressure 
showed that the amount of systolic output in the non-hypertrophied and 
non-dilated heart did not vary. This was also shown by the volume 
curves of the ventricles after damage to the aortic valves. 

In the meantime it is to be emphasized that the mean blood pressure 
falls considerably, and this fall is proportional to the fall in the diastolic 
pressure, the systolic pressure remaining the same as before. 


Fig. 19.—Carotid tracing to show the effect of bi of the aortic valves. 


Systolic pressure 150 mm. Hg. before and after the lesion. Diastolic pressure 
falls from 70 to 50 mm. Hg. 


It was frequently observed in the earlier experiments that when the 
valvulotome failed to enter the sinus of Valsalva, but passed directly into 
the ventricle without damaging a valve, the curve assumed the form 
seen in undoubted insufficiency. There was an immediate fall in blood 
pressure, with a great increase in the pulse pressure. Indeed, on two sep- 
arate occasions the collapsing character of the pulse which resulted was 
so marked that it was assumed that a valve was cut, and the experiment 
was proceeded with without again introducing the instrument. When, 
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Fig. 20.—Carotid tracing showing the fall in diastolic pressure from irritation 
of the posterior wall of the ventricle by the valvulotome. There was no insufli- 
ciency produced. Systolic pressure before and after, 120 mm. Hg.; diastolic pres- 
sure before, 80 mm. Hg.; diastolic pressure after, 60 mm. Hg.; slow drum. 


however, the heart was examined postmortem, one was astonished to find 
that the valves were absolutely intact. In a third experiment it was 
thought that an insufficiency was obtained, but after the lapse of about 
an hour the collapsing character of the pulse disappeared and, in view of 
the previous experience, it was suspected that the instrument had merely 
entered the ventricle without damaging the valves. It was again intro- 
duced and the external cusp torn, which was found on autopsy to be the 
only valve damaged. The tracings of these experiments are shown in 


Figures 20 and 21. 
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In seeking for an explanation of this phenomenon one was at first 
inclined to believe that it was due to the presence of the instrument in 
the mouth of the aorta which prevented closure of the valves. This, 
however, could not have been the cause, since the collapse persisted after 
the withdrawal of the instrument. 

It seems not at all unlikely that the rubbing of the point of the 
instrument on the posterior wall of the ventricle mechanically stimulated 
the endings of the depressor nerve and thus brought about the immediate 
fall in blood pressure. This hypothesis seems justifiable, in view of the 
fact that Késter and Tschermak** showed anatomically that the nerve 
ends partly in the wall of the ventricle and partly in the aorta beyond 
its mouth. Whatever the explanation is, the observation has an impor- 
tant bearing on the question of the collapsing pulse. It proves that this 
type of pulse is not peculiar to aortic insufficiency, but can be obtained 
in any condition in which, with a persistence of ventricular activity, 
there is a fall in the diastolic blood pressure. 
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Fig. 21.—Carotid tracing to show also the fall in diastolic pressure which 
results from passage of the valvulotome into the ventricle without damaging a 
valve. Diastolic pressure fell from 90 to 70 mm. Hg. No change in systolic 
pressure. 

COMPARISON OF THE NORMAL PULSE WITH THAT OBTAINED AFTER 

PRODUCTION OF AORTIC INSUFFICIENCY. 

Huerthle* has shown, and the plethysmographic tracing confirms it, 
that the period which elapses between the appearance of the primary and 
the dicrotic wave is an accurate measure of the outflow from the heart 
during systole. Of course, it is evident that it is not synchronous with 
the commencement and termination of systole, since a fraction of a 
second elapses before the ventricle gathers sufficient strength to open the 
semilunar valves, and a definite interval also elapses after the end of 
systole before the appearance of the dicrotic waves. Huerthle found, 
however, that these intervals are of the same length; therefore, all 
changes occurring between those points are included in the systolic phase 
of the pulse curve. 

Since the abnormal condition induced by the rupture of the aortic 
valve does not affect the mechanism of the production of the systolic 
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portion of the pulse curve, that phase can be compared, point by point, 
in the two pulses. While in the pulse of aortic insufficiency the diastolic 
portion is the product of an abnormal mechanism, the systolic in both 
is affected physiologically. 

The Amplitude of the Ascending Limb of the Pulse Wave.—The 
production of aortic insufficiency invariably increases the pulse pressure. 
The following table shows the increase which took place in six experi- 
ments : 


Expt. Before insufficiency. After insufficiency. 
No. Sys. Dias. Pulse pressure. Sys. Dias. Pulse pressure. 

1 125 90 35 125 50 75 
2 140 120 20 140 30 110 
3 115 80 35 115 28 87 
4 100 70 30 100 45 55 
5 155 120 35 160 80 80 
6 150 72 78 150 50 100 


According to Marey,** it was first demonstrated by Hales, and after- 
ward by Bernard, that when the blood pressure falls, the amplitude of 
the pulse is increased. Marey himself confirmed their observations, and 
more recently the investigation has been revised by Huerthle** with 
improved methods. He showed that the fall of blood pressure resulting 
from stimulation of the depressor nerve is accompanied by an increase 
of the pulse pressure, and conversely that the rise of blood pressure from 
splanchnic stimulation diminishes the pulse pressure. 

Granted, then, a constant systolic output, vasodilation will increase 
the pulse pressure by lowering, while vasocontraction will diminish it 
by raising the diastolic blood pressure. 

But the pulse pressure is materially influenced by the amount of 
blood ejected at each ventricular systole and by the relative capacity of 
the arterial tree. Different amounts of blood, thrown into an arterial 
system whose capacity does not vary, will produce differences in pulse 
pressure which will be greater the larger the systolic output. The differ- 
ence will be affected by an increase of the maximum pressure rather than 
by a lowering of the mean or diastolic pressure. 

If, then, after the production of aortic insufficiency increase of the 
pulse pressure be accompanied by an increased systolic pressure, the 
diastolic remaining the same, it must have resulted from an increased 
systolic output. If the diastolic pressure is lowered and the systolic 
pressure remains as before, there must have been an attendant vasodila- 
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tion. If, on the other hand, the increased pulse pressure is the result 
of a lowering of the diastolic and an increase of the systolic pressure, it 
must have been caused by a true regurgitation. The regurgitated blood 
will have been added to the normal systolic output, thus raising the 
maximum pressure, while the diastolic pressure will have been lowered 
by the loss of the same amount. 

The actual conditions which obtain in experimental aortic insuf- 
ficiency have already been shown (page 123). It was shown that when 
the animal survives the production of the lesion, the systolic pressure re- 
mains at exactly the same level, whereas the diastolic pressure falls in 
a very marked manner. The pulse pressure has been increased because 
of this fall, and, as above stated, it can only have resulted from per- 
ipheral dilatation. 

The Systolic Plateau.—That portion of the pulse curve which extends 
from the point of maximum pressure to the commencement of the 
dicrotic notch has been termed by Marey the systolic plateau. This 
plateau may be horizontal, ascending or, as in the normal pulse, descend- 


ing. 
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Fig. 22.—After Marey. 


When it is horizontal the inflow of blood is exactly equal to the 
systolic escape from the capillaries. When it ascends, as in the anacrotic 
pulse, the escape is less than that received into the arterial system, and 
the pressure continues to rise. When it descends the indication is that 
the systolic escape by the capillaries is greater than the systolic influx. 
It naturally follows that the steeper the declivity of the systolic plateau, 
the greater is the excess of the systolic escape over the systolic inflow. 
Such, for instance, can always be seen to take place in the normal pulse 
when the capillary flow is accelerated from dilatation of the peripheral 
arterioles by the administration of nitrate of amyl. 

The comparison of the normal pulse with that obtained after the 
production of aortic insufficiency shows the much greater systolic fall 
of the latter. Indeed, the main fall of pressure is composed of this de- 
clivity, for the amount of fall which is purely diastolic, viz., from the 
dicrotic notch to the abscissa, is almost negligible, as compared to that 


which occurs in systole. 


128 PULSE AND BLOOD PRESSURE CHANGES. 


It must be conceded, then, that from the form of the pulse curve 
alone we have evidence that the essential feature of the collapsing pulse 
lies in the systolic phase of the cardiac cycle. The pulse differs in ro 
way from that in which, with the maintenance of ventricular activity 
there is a relaxation of the peripheral resistance. 


EFFECT OF CHANGES IN HEART RATE IN AORTIC INSUFFICIENCY. 


From the examination of the volume curves of the normal heart it 
was shown that an increase of rate up to a certain limit increased the 
amount of systolic output per unit of time. The action is due to the 
shortening of the period of diastasis, which allows of an increase of heart 
rate, without interfering with the ventricular filling. Erlanger** and 
Hooker observed that an increase in the quantity of blood thrown out 
in a given time will increase the mean and therefore the diastolic pres- 
sure in the arterial system. In aortic insufficiency an increase in the 
diastolic blood pressure must increase the pressure which is transmitted 
to the ventricular walls during diastole. Any increase of rate, however, 
beyond that which abolishes the period of diastasis occurs at the expense 
of diastole, in Henderson’s sense (i. e., time of filling), for each suc- 
ceeding systole, will take place before the normal relaxation of the ven- 
tricle is completed. The blood thrown out during systole must, then, 
be diminished, and while the heart beats more rapidly, the output in a 
given time does not vary. The diastolic pressure will, therefore, undergo 
no further augmentation. 

Disregarding for the time being the possible influence which a 
lengthening of the period of diastole and diastasis may have on regurgi- 
tation, it is evident that in so far as aortic pressure is affected by 
changes in rate a slowing of the pulse within normal limits will not 
affect the pressure which can be transmitted to the ventricle, whereas an 
undue lengthening will lower it. Regarded in this light. an unusually 
slow heart rate is advantageous in aortic insufficiency. 

This effect of rate, however, becomes secondary to that which it has 
on regurgitation and transmission of pressure. It is usually taught that 
a lengthening of the period of diastole is disadvantageous in that it 
increases the leak into the ventricle and causes it to dilate. This is 
clearly based on the conception that an “appreciable” quantity of blood 
returns to the ventricle. It has been shown in the plethysmographic 
records that the volume of the blood which regurgitates in experimental 
insufficiency is negligible, and that the phenomena associated with the 
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condition are due to the attendant transmission of pressure. An estima- 
tion, then, of the rate at which this pressure is transmitted will give the 
desired information as to whether a lengthening of the period of diastole 
and diastasis is harmful or advantageous. For, clearly, if the pressure 
in the ventricle equals that in the aorta at the end of ventricular relaxa- 
tion, it is immaterial how long the period of diastasis may be, since it 
will involve no further increase of the intraventricular pressure. If the 
pressure, on the other hand, is transmitted slowly from the aorta to the 
ventricle; that is, if the intraventricular pressure rises gradually during 
the whole period of diastole and diastasis and equals the aortic pressure 
just before the following systole, then a lengthening of the period of 
diastasis will have a harmful effect. 

In order to determine which of these conditions holds in aortic in- 
sufficiency the curve of intraventricular pressure was recorded in three 


experiments. 


| | 
Fig. 23.—Intraventricular pressure tracing from the normal ventricle. Con- 
trast with tracing No, 24. 


Figure 24 is the intraventricular pressure curve after the posterior 
aortic cusp was divided. It shows a somewhat oblique upstroke, which 
corresponds closely to the protracted volume curve of systolic discharge. 
The systolic plateau is rounded and merges insensibly into the diastolic 
downfall. The fall.in pressure is at first rapid, but it becomes more 
gradual as it approaches the abscissa. This latter point is of great im- 
portance, for it stands in marked contrast with the abrupt and uniform 
fall in pressure which is seen in the intraventricular pressure curve of 
the normal heart, as in Figure 23. 

It will be recalled that the plethysmographie records showed that 
the effect of aortic insufficiency was to increase the tonus of the ventricle, 
and, as a consequence, its distension during diastole was less than in 


the normal heart. It was shown also that the increased rapidity of 
filling took place only during the first fifth ventricular relaxation. 
This of itself would indicate that at the end of this period, viz., the first 
fifth of relaxation, a certain amount of aortic pressure had already been 
transmitted to the ventricle, and its further relaxation was effected with 
an increasing tension on its walls. As is well known, the pressure in 
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the normal ventricle falls below atmospheric pressure immediately after 
the ventricle begins to relax, as a consequence of the suction action ex- 
erted by its walls. If, as in aortic insufficiency, a positive pressure is 
being transmitted at the same time from the aorta, it should follow 
that this fall in pressure will become less rapid, and the downstroke of 
the intraventricular curve more inclined. That such is really the case, 
tracing No. 24 proves. 

On the one hand, the relaxation of the ventricle tends to produce a 
diminution of the pressure within it, while, on the other hand, the free 
communication with the aorta will permit of the transmission of posi- 
tive pressure. The excess (algebraically) of the negative over the posi- 
tive will occasion a fall of the intraventricular pressure curve, which will 
be slow or rapid according as the excess is small or great. In other 
words, if the aortic diastolic pressure is high, and the communication be- 
tween it and the ventricle large, the fall in pressure in the latter, during 
its relaxation, will be more gradual than if the leak were small or ab- 
sent. Further, it is evident that the fall will be more rapid at the begin- 


Fig. 24.—Intraventricular pressure curve after production of aortic insuffi 
ciency. The upstroke a-b is more gradual, as is also the fall in pressure b-c. 
The line e-d is horizontal, showing that the intraventricular pressure does not 
rise during the period of diastasis. The figures represent the pressure in mm. of 
Hyg. at different points of the curve. 


ning of the process of equalization than near its termination, since then 
the negative relaxation pressure in the ventricle is greatest. The rate 
of fall, therefore, is seen to be more gradual as the downstroke reaches 
the abscissa, for the negative pressure is being gradually neutralized by 
the positive. 

The most striking feature, however, of the curve of intraventricular 
pressure lies in the fact that the downstroke does not reach the abscissa 
at any stage of the diastolic phase. Following the gradual fall of pres- 
sure which accompanies the completion of ventricular relaxation, the 
lever traces a line which runs parallel to the abscissa, and in this in- 
stance indicates a pressure of 40 mm. Hg. But the rapidity with which 
the aortic pressure is transmitted to the ventricle varies directly with 
the size of the communication. It follows, therefore, that when the 


insufficiency is extensive, the pressures in the aorta and ventricle become 
equalized during the period of relaxation, and there is no further trans- 
mission in the phase of ventricular diastasis. This proves conclusively 
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that, under such circumstances, if the tonus of the ventricle is main- 
tained a slowing of the heart rate can not have a harmful influence in 
aortic insufficiency. 

It is possible, however, in those cases in which the opening between 
the aorta and ventricle is small that the delay in the transmission of 
aortic pressure which results may cause the pressure in the ventricle to 
rise during the whole period of diastole. The smallness of the communi- 
cation probably accounts for the rise of diastolic pressure seen in the 
tracings of Marey.** 

He produced an aortic insufficiency in the horse by the passage of a 
cardiac sound which merely punctured an aortic cusp. An insufficiency 
thus produced is much smaller than that which follows section of the 
cusp. Further, it was noticed in the present series of experiments that 
an opening in a valve produced by the cardiac sound becomes blocked 
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Fig. 25.—Carotid and ventrieular volume tracings from the normal heart, 
showing the effect of vagal stimulation. The difference between the lines a-b and 
x-y represents the distension of the ventricle due to loss of tone = 1 ¢.c, of blood. 
Stimulation of the nerve slows the heart rate by prolonging the period of diasta- 
sis. The rapidity of ventricular filling is not affectea. The marks on the base 
line indicate the period of stimulation. 


rapidly by the formation of a fibrin clot. In one such experiment a 
clot had formed in an hour, and many of the features of this condition 
became distinctly less marked. 

A gradual rise of pressure, then, is possible when the communication 
is small, and only under such circumstances can a slowing of the pulse 
rate, per se, be said to have a harmful influence on the ventricle. A 
similar conclusion as to the effect of rate is arrived at from the results 
obtained by stimulation of the peripheral end of the vagus nerve. 


EFFECT OF VAGUS STIMULATION. 


The effect of the stimulation of this nerve has purposely been 
omitted from the discussion of the relation of heart rate to aortic in- 


29. Loe cit., 674. 
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sufficiency, since stimulation of the vagus gives rise to two (among sev- 
eral) distinct physiologic changes in the ventricle. 

As is well known, when the peripheral end of the vagus is stimulated, 
in addition to slowing of the ventricular contraction, it diminishes ven- 
tricular tone. ‘The two effects can not be disassociated, and, while at 
first we would appear to have a ready means of studying the effect of 
rate on regurgitation, we are immediately confronted with the difficulty 
that arises as a result of the diminution of tone, simultaneously induced. 

When the vagus is stimulated the volume curve of the normal heart 
shows that the ventricle becomes gradually distended (Fig. 25). This 
follows from the fact that the auricular pressure, although small, is 
suflicient to overcome the diminished tone of the ventricular walls. 

If after aortic insufficiency has been produced the nerve is stimu- 
lated with the same strength of current and for the same length of time, 
any distension which may take place beyond that which occurs normally 


Fig. 26.—Carotid and ventricular volume tracings after the production of 
aortic insufficiency. The vagus nerve was stimulated at A and the loss of tone 
causes the ventricle to dilate. The amount of distension produced (difference 
between a-b and x-y) is the same as in the normal heart—1 e¢.c. in each. The 
slowing of the heart rate, therefore, can not allow of regurgitation of blood. 


under vagus stimulation will result from regurgitation. In this manner 
only is it possible to draw any accurate conclusions as to the effect pro- 
duced by slowing the heart rate experimentally by vagus stimulation. 

In order to confirm the findings obtained by the records of the intra- 
ventricular pressure curves, two such tracings are reproduced. In the 
normal, Figure 25, the effect is seen to involve only the period of dias- 
tasis. The vagus standstill allows the completion of diastole, which is 
completed in the usual time, in this case .272 of a second. The line 
of prolonged diastasis inclines gradually upward, and indicates a dis- 
tension of the ventricle from loss of tone. 

Practically the same thing is seen to occur in tracing No, 26, where 


the aortic valves have been damaged and the distension which results 
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is no greater than that which occurs in the normal heart, 1 c.c. of blood 
in each. 

Before stimulation the tone of the heart whose valves were damaged 
was greater than that of the normal, in consequence of the mechanical 
stimulation of increased intraventricular pressure. During stimulation 
the tone is reduced in both in the same degree, and a correspondingly 
equal distension is produced in the two states. 

It is interesting to note that even after vagus stimulation the tone 
of the ventricle, when the aortic valves are damaged, as measured by 
the distance of the volume curve just before systole from the base line, 
is equal to that which obtains normally in the heart with intact valves. 

This experiment has a twofold bearing. Taken in conjunction with 
the intraventricular pressure curves, it proves beyond doubt the relative 
unimportance of heart rate, per se, while, on the other hand, it em- 
phasizes the important réle which the ventricular tonus plays in the 
prevention of extreme regurgitation. 


40 


Fig. 27.—Carotid and ventricular volume curve in aortie insufficiency before 
compression of the abdominal aorta. A, summit of the primary wave. It is 
reached in .065 of a second after the commencement of systole. Systolic pressure, 
120 mm. of Hg.; pressure at beginning of diastole, 70 mm. of Hg.; pressure at 
the end of diastole, 40 mm. of Hg.; systolic output, 12 ¢.c. (Compare with trac 
ing No, 28.) 


EFFECT OF INCREASING PERIPHERAL RESISTANCE, 


The examination of the pulse of aortic insufficiency, and the simi- 
larity between the action of a true rupture of the aortic valves and an 
irritation of the ventricular wall in lowering blood pressure, have sug- 
gested the importance of a vaso-dilatation as the important factor in the 
causation of the collapsing pulse. It becomes necessary, then, to test 
experimentally the effect of changes in the peripheral resistance. 

There are three methods by which it is possible to obtain varying 
degrees of increased resistance: (1) By stimulation of the splanchnic 
nerves; (2) by the injection of adrenalin; (3) by compressing the ab- 


dominal aorta. 


one 
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While the first method in general is the most satisfactory, it was 
found that under the circumstances in which the records were obtained 
in this research it was impracticable. The dissection necessary to stimu- 
late these nerves, following an already extensive cutting operation on the 
thorax and the production of a valvular lesion, was more than the ani- 
mal was able to stand. It was necessary, then, to employ only the meth- 
ods of abdominal compression and adrenalin injection. 

If one accepts the dictum of Corrigan, that the collapsing pulse is 
due to the regurgitation of blood from the aorta, then any condition 
which retards the forward flow of blood must, of necessity, increase 
regurgitation, and thus render more pronounced the collapse of the pulse. 

That the collapse is not increased by such a means, but entirely 


abolished, a glance at tracings Nos. 27 and 28 will show. They repre- 
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Fig. 28.—Carotid and ventricular volume curve of aortic insufficiency during 
compression of abdominal aorta. Note the change in the character of the pulse. 
A, summit of primary wave, is reached in .043 of a second after the commence- 
ment of systole. Systolic pressure, 130 mm, of Hg.; pressure at end of systole, 
130 mm. of Hg.; pressure at end of diastole, 70 mm. of Hg.; systolic output, 


13.5 ee, 


sent the changes in pulse form and volume curve which follow compres- 
sion of the aorta at its bifurcation. 

Change in the Pulse Form.—These curves show in a striking manner 
the truth of the statement of Marey regarding the conditions which mod- 
ify the systolic portion of the pulse. There being a great disparity be- 
tween the rate of inflow and the rate of outflow, the summit of the pri- 
mary wave A is reached in a relatively shorter period during compression 
of the aorta. When the flow was unrestricted the time taken by the pri- 
mary wave to attain its maximum was .065 second, while now it is 
reached in .043 second. The “systolic plateau,” for the same reason, 


hecomes ascending, and the dicrotic notch occupies the summit of the 
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curve. It will be seen to coincide exactly with the end of systole, as 
measured by the plethysmograph, .01 second in each. 

The fall of pressure is now entirely diastolic, since the systolic 
plateau does not descend. The pressure which exists in the aorta at this 
moment is 130 mm. Hg., as contrasted with 70 mm. Hg. in the cor- 
responding part of the ordinary curve of aortic insufficiency. There is 
thus established the ideal condition for regurgitation. Notwithstanding 
that the diastolic fall of pressure is more gradual than it is even in the 
normal tracing with intact valves, and only reaches the abscissa .06 
second before the sueceeding systole: or, in other words, the conditions 
most favoring regurgitation caused the cessation of the collapsing quality 
in the pulse. 

Change in the Volume Curve.—The effect on the systolic contraction 
is merely an exaggeration of that which occurs in the ordinary state of 
insufficiency. The tension transmitted to the ventricular walls before 
contracting is greater, and the “loading” effect is more pronounced. The 
systolic contraction is still more protracted and the rate of systolic dis- 
charge slowed. It will be seen from the record that the diminished rate 
of output is more marked toward the end of systole, the tracing becoming 
more oblique as the apex is approached. 

There is, however, this distinction. The tension is now so great 
that the tone of the ventricular wall is no longer able to counteract it, 
and a considerable regurgitation results. The distance from the base line 
at the end of diastole is shortened. 

Further, so great is the resistance to be overcome in the aorta dur- 
ing the latter part of systole that the ventricle fails to effect so complete 
an emptying of its cavity. The difference in the quantity of residual 
blood is small, however, and does not amount to more than 2 ¢.c. 

The record shows conclusively that regurgitation can not account 
for the collapsing pulse. Even with the increased systolic output and 
the greater pulse pressure, due to regurgitation, when the aorta is com- 
pressed, an increase of the resistance to onward flow of blood abolishes 
its collapsing character, and, conversely, a diminution of the resistance 
will exaggerate it. although this can not be tested experimentally, when 
the aortic valves are damaged, as the diastolic pressure is already reduced 
toa minimum. It is easy, however, to follow the successive changes in 
this type of pulse which result from the gradual relaxation of an in- 
creased resistance. 

The position assumed by the dicrotic notch becomes gradually lower 
on the descending limbs of the pulse curve and the systolic plateau be- 


comes first horizontal and then descending. This indicates a gradual 
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lowering of the pressure, which is transmitted to the ventricles at the 
commencement of their relaxation, since it is the pressure which exists 
in the aorta at the moment of closure of the aortic valves. 

An increase of the rapidity of capillary escape, then, may be said to 
have a preservative influence on both the heart and the arterial system. 
It diminishes the magnitude of the pressure at the end of systole, and, 
therefore, prevents the transmission of high pressure to the ventricular 
walls during their relaxation. It also slows the rate of rise of the pri- 
mary wave, and thus counteracts the tendency to dilatation of the ar- 
teries, as would be caused by the sudden stretching attending the passage 
of a steep wave of pressure. 

The injection of adrenalin effects a change in the pulse curve which 
is identical with that of compression of the abdominal aorta. It raises 
the aortic pressure at the commencement of diastole, and, therefore, dis- 


Fig. 29.—Carotid and ventricular volume curve of aortic insufficiency to show 
the effect of the injection of adrenalin. It is similar to that produced by com- 
pression of the abdominal aorta, Compare with the ordinary tracing of aortic 


insufficiency No. 27. 


tends the ventricle by the regurgitation of blood. But the contraction 
of the peripheral arterioles retards the escape of blood through the capil- 
laries, and the pulse ceases to be collapsing. On account of the stimu- 
lating action which it exercises on the ventricular contraction, the systole 
is more complete, and the effect it produces on the volume curve differs 
from that of abdominal compression in that the quantity of residual 
blood is diminished. Tracing No. 29 was taken on a fast drum when 
the drug had produced its maximum effect. 


CLINICAL APPLICATION OF EXPERIMENTAL RESULTS, 


The most important points which have been brought out from the 
experimental investigation of the pulse and blood pressure changes in 


aortic insufficiency are briefly: 
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1. That the so-called water-hammer pulse owes its abruptness and 
rapid fall not to regurgitation into the ventricle, but to an increased 
blood flow through the capillaries. 

2. That this increased capillary flow is due, in a recent insufficiency, 
to reflex inhibition of the vasomotor center, probably induced by stimu- 
lation of the depressor nerve effected by the mechanical action of the 
pressure transmitted from the aorta. 

3. This pressure simultaneously increases the ventricular tone. 

4. That so long as the tonus is maintained a slowing of the pulse can 
not have any appreciably harmful influence on the amount of blood which 
regurgitates. 

It becomes necessary, then, to apply these results to the aortic insuf- 
ficiency which is due to disease, and to inquire as to how far they will 
help to explain the clinical discrepancies previously mentioned. 


P N 


Fig. 30.—Tracing from the radial artery to show the effect of terminal con- 
striction. P, during constriction. N, Tourniquet removed. 


It is obvious that if the main fall of pressure is due to an increased 
rate of capillary flow it will follow that any condition which retards it 
should cause the disappearance of the collapse. This can readily be 
accomplished in the case of the radial artery by constricting the terminal 
vessels of the hand by the application of an elastic tourniquet. If a 
sphygmographic tracing be taken from a typical case of aortic insuf- 
ficiency in the manner recommended by Lewis,** with weight instead 
of band fixation of the sphygmograph, the effect of decreasing the out- 
flow from the artery will at once become apparent. 

Such a tracing before and during terminal constriction is shown in 
Figure 30. The patient suffered from pure uncomplicated aortic insuf- 
ficiency. He had a systolic blood pressure of 130 mm. Hg., and a dias- 
tolic blood pressure of 65 mm. Hg. and subjectively a typically collapsing 
pulse. The instrument used was a Jacquet chronosphygmograph. This 
instrument being a heavy one, it sufficed only to lay it over the artery 
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without encircling the wrist with the usual sphygmograph band. The 
tourniquet was applied below the level of the thumb, well away from the 
sphygmograph, so that on being tightened the tracing could not be af- 
fected by the wrinkling of the skin. The contrast is striking. Before 
the terminal vessels are constricted the amplitude of the pulse is great, 
the apex of the wave pointed, and the systolic plateau is a steep decline. 
During constriction, on the other hand, the amplitude becomes small 
and the trough of the waves does not reach the abscissa, thus indicating 
an artery which does not empty itself. The systolic plateau is more 
horizontal, and the dicrotic notch assumes relatively and absolutely a 
higher position on the tracing. Indeed, the tracing so transformed is 
the counterpart in every detail of the tracings of aortic insufficiency 
which Sansom describes as “having a resemblance with the tracings indi- 
cating high tension.” 

A similar result, although in a totally different manner, has been 
obtained by diminishing the rapidity of capillary flow by the aid of 
venous constriction, As has been pointed out by Bayliss and Starling,” 


95. 30 
Fig. 31.—Series of tracings of the brachial artery taken with varying degrees 
of venous obstruction. When the pressure in the cuff is lower than the diastolic 
pressure the arterial inflow to the limb is not affected, while the venous return is 
restricted. The numbers indicate the different pressures in the cuff, 


the capillary flow and pressure are greatly influenced by changes in the 
venous pressure, the flow being greatest when the pressure is least. If, 
by constricting the limb with a cuff bearing a pressure less than the 
diastolic blood pressure, the free inflow to the limb is not retarded, any 
desired amount of venous restriction may be obtained. A tracing, No. 
31, from the branchial artery under such circumstances, is shown above. 
It will be seen that the collapse disappears and the catacrotic limb of 
the pulse curve becomes gradual in its fall. 

So strong has been the stimulus of a dominant and_ preconceived 
idea that clinicians have sought to extend this idea into the explanation 
of many of the other attendant features of aortic insufficiency. Thus it 
is universally held that the reason why the collapse is more marked 
when the limb is elevated is due to the greater ease with which the 
blood can flow back into the ventricle. Apart from the physical impos- 
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sibility of there being a retrograde blood current where there is a driv- 
ing strength of even 50 mm. Hqg., as indicated by the diastolic pressure, 
this view can readily be controverted by a simple experiment. 

If, while the limb is elevated, the upper arm is encircled in a sphygmo- 
manometer cuff, and the pressure raised to a point below diastolic pres- 
sure, so as to obstruct the venous return only, the intensified sensation 
of the collapse is now no longer felt. This experiment, while disproving 
the theory that the collapse is due to regurgitation, at the same time ren- 
ders it evident that the elevation of the limb increases the sensation of 
the collapsing pulse, not by increasing backflow, but because it increases 
the capillary flow by hastening the venous return, 

But the capillary pulsation so common in this condition is also as- 
cribed directly to regurgitation. It is said that it is due to the empty 
condition of the peripheral vessels in diastole which results from regur- 
gitation into the ventricle. In view of what has been said above, it is 
only necessary to quote an observation of Gibson’s*? while commenting 
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Fig. 32.—Apparently normal tracing from a case of aortic insufficiency which 
gave subjectively a collapsing pulse. The effect of an increase of systolic pressure 
is seen in tracing No. 34. 


on this phenomenon: “It must be allowed that it may occur in condi- 
tions permitting a free passage of blood through the arterioles and capil- 
laries into the veins.” He further states that a direct venous pulse may 
develop in the peripheral veins, the pulsation following systole and pass- 
ing from the periphery to the center. 

Granted, then, that the collapsing pulse has its causation in the 
periphery and not in the center, the explanation of the clinical diserep- 
ancies previously mentioned becomes at once apparent. The collapsing 
pulse can exist only when the diastolic blood pressure is low, since when 
the systolic pressure remains constant the diastolic pressure is regulated 
by the rapidity of flow from the peripheral vessels. In other words, it 
is possible to receive the impression of a collapsing pulse only when 
the arterial walls are subjected to a slight distending force during the 


diastolic phase of the cardiac cycle. 


32. Loe cit., p. 493. 
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It has, however, been frequently observed in those cases in which 
the diastolic pressure is low that when the systolic pressure is also low 
the pulse may give to the finger the impression of a sudden decline, 
while the sphygmograph tracing may show a more or less sustained pulse 
wave. 

Tracing No. 32 is taken from such a case in which, with a systolic 
pressure of 75 mm. Hg. and a diastolic of 55 mm. Hg., the pulse felt 
typically collapsing. The patient, aged 20, suffered from aortic insuf- 
ficiency, the result of acute rheumatism. 

This discrepancy has its explanation in the fact that the pulse is not 
felt ducing the whole period of time in which the systolic wave is pass- 
ing, and it is only that part of it which corresponds to the summit of 
the pulse wave that impresses itself on the finger. In order that a low 
pressure pulse, in which the pulse amplitude is small, may be palpated 
satisfactorily, the finger must be allowed to rest but lightly over the 
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Fig. 33.—Diagram to illustrate the effect which different degrees of pressure 
exerted by the sphygmograph button will have on the excursion of the arterial 
wall during the passage of the pulse wave. 


artery. There is, therefore, communicated to it only that part of the 
pulse which arises from the excursion of the arterial wall beyond its 
diastolic limit, i. e., the apex of the pulse wave. This is further evidenced 
by the fact long recognized by clinicians that if the wrist or forearm 
of a patient suffering from this disease be grasped lightly by the hand 
the water-hammer quality is much intensified. Under such circum- 
stances the vessel, distended by the wave produced by the ventricular 
systole, is felt only at the summit of its distension. When, however, 
the sphygmograph records the largest amplitude of wave for a given 
pulse the pressure which is exerted by its pad is approximately equal to 


the pressure which obtains within the vessel. 

During the interval between the pulse waves the arterial walls are 
somewhat approximated, as in Figure 33, and in this condition the systole 
of the ventricle will cause them to execute a greater movement. But, 
owing to the low diastolic pressure and to the fact that the pulse ampli- 
tude is small, the arterial wall is stretched but slightly. The arterial 
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recoil, therefore, will not be forcible, and it will return gradually to the 
position assumed during diastole. 

The low systolic pressure in the patient mentioned above being an 
indication of a feebly contracting left ventricle, the effect of treatment 
was to raise it from 75 mm. Hg. to 105 mm. Hg., while the diastolic 
pressure remained as before, viz., 50 mm. Hg. The change resulting in 
the sphygmographic tracing is interesting, for it presented a fairly typi- 
cal collapsing pulse, while at the same time it gave the collapsing sen- 
sation to the finger. This change in the character of the tracing can 
readily be explained by the greater stretching force to which the artery 
was subjected during the passage of the primary wave. Haycraft** has 
recently shown that within wide limits the arterial walls obey Hooke’s 
law, which means that the amount of extension is proportional to the 
force which produces it. It follows, then, that the more the vessel is 
distended the more rapid will be the rate of recoil. It thus becomes evi- 
dent how it is that the finger can always receive the sensation of a 
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"ig. 34.—To show the effect of an increase in systolic pressure. The pulse i 
I P 
more collapsing. 
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collapsing pulse when the diastolic blood pressure is low, while it is only 
in those cases in which the pulse pressure is excessive that it can with 
certainty be recorded by the sphygmograph. 

It is also easy to explain the absence of the collapsing pulse in the 
percentage of cases previously mentioned. These cases must have pre- 
sented high diastolic pressures, although they are not recorded, since it 
is only within the last two years that we have been in a position to meas- 
ure the diastolic pressure clinically. The high diastolic pressure in the 
majority of these cases was probably the result of the accompanying 
arteriosclerosis which most of the cases presented. It is to be noted, 
also, that the absence of the collapsing pulse need net be due to a smal] 
pulse pressure, i. e., the difference between systolic and diastolic pres- 
sure, or, conversely, a large pulse pressure need not necessarily be ac- 
companied by a collapsing pulse. 

A collapsing pulse can only be seen in those cases in which the dias- 
tolic blood pressure is low. The fact that a high diastolic blood pressure 
should cause the sphygmograph tracing to assume a gradually sloping 
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line, even when there is a great range between the systolic and diastolic 
pressures, is due to a condition depending on the physical property of 
the arterial wall. Roy*®* showed that while Hooke’s law is obeyed when 
the pressures are normal, when they are exceeded the extensibility of 
the artery rapidly diminishes. 

From the figures given by Roy of the extensibility of the arterial 
walls at different pressures two pulse curves are drawn (Fig. 35). 

In both instances the excess of systolic over diastolic pressure is the 
same, viz., 60 mm. HHg., but they differ in that the one, the diastolic pres- 
sure, is below normal, viz.. 50 mm. Hg., while in the other it is somewhat 
above normal, viz.. 80 mm. Hg. In the lower curve the amplitude is 
double that in the upper, the angle between the upstroke and downstroke 
is more acute and the dicrotic notch relatively lower. In the upper curve 
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Fig. 35.—Diagrammatie representation of two pulse curves indicating the same 
pulse pressure, but at different diastolic pressures. The horizontal lines indicate 
the extensibility of the artery at given pressures (after Lewis). 


upstroke and downstroke are oblique and the angle between them is 
widened. 

In the curve taken at the low pressure there is more movement of 
the arterial wall for the same change of pressure. The one would be 
classified as a “collapsing” pulse, the other as “sustained.” 


THE LOW PERIPILERAL RESISTANCE IN AORTIC INSUFFICIENCY. 


Starling** has pointed out that in disturbed conditions of the cireu- 
lation the reflex mechanism called into play aims more at sparing the 
heart from overexertion than in counteracting the original vascular 
disorder. So in aortic insufficiency the function of a reflex dilatation 
of the peripheral vessels is a conservative one, being the method adopted 
by Nature to relieve the heart of the increased work thrown on it as a 
consequence of the transmission of pressure from aorta. This reflex 
action, however, is wholly distinct from that which occurs in old standing 
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cases, which are due to disease, for now there are produced in the ar- 
terial system conditions which obviate the necessity of a continuous ac- 
tion on the part of the vaso-dilators. 

The great changes in pressure between systole and diastole hav 
the effect of stretching and widening the coats of the peripheral arteri- 
oles so that they remain permanently dilated. This dilation subserves 
the function of the reflex inhibition of the vasomotor center, which 
takes place after an experimental insufficiency. It was shown by Rom- 
berg and Hasenfeld'® that several months after an insufficiency had been 
produced in rabbits the vasomotor nerves were less active than norma! 
and the same degree of peripheral constriction could not be effected by 
their stimulation. 

The question, then, immediately arises why the ventricle becomes 
hypertrophied and dilated to such an extraordinary extent, if an appre- 
ciable quantity of blood does not regurgitate, and the increased work 
thrown on the heart can be greatly obviated by a peripheral dilatation. 

In order to make the point clear, certain properties of the contrac- 
tility of muscle must be mentioned briefly. Haidenhain** has shown that 
when the tension on a skeletal muscle is increased before it contracts, 
the energy of the contraction becomes greatly augmented. The apex 
of a frog’s heart ceases to beat under ordinary circumstances, but it can 
be made to contract by distending the cavity of the ventricle with fluid. 
Gaskell®® also showed that after the apex of the frog’s heart is rendered 
quiescent by crushing a ring of tissue above it, it can be made to con- 
tract again by clamping the aorta, 

The excitory effect of increased tension in both cardiac and skeletal 
muscle is thus firmly established. Moreover, this mechanical effect in- 
volves a great expenditure of cardiac energy, for it is accompanied by 
an augmentation of all the chemical processes which accompany con- 
traction, as is evidenced by the increase in heat production. In aortic 
insufficiency, instead of a pressure equal only to the atmospheric pres- 
sure as in the normal ventricle, the intraventricular pressure tracings 
show that there is a pressure on the ventricular walls during diastole, 
equal to the diastolic pressure in the aorta. The ventricle is thus locally 
stimulated to increased exertion and its contraction becomes similar to 
that in which a muscle is extended before it contracts. So long as the 
heart is able to supply the increased demands thus made on its energy 
there may neither be hypertrophy nor dilatation, and we have the author- 
itv of Krehl* that every case of aortic insufficiency is not accompanied 


35. Quot. by Gaskell, Shaefer’s Text-book of Physiol. 
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by an enlargement of the left ventricle. When, however, the cardiac 
muscle becomes inefficient it will give way to the stretching influences 
which bear on it during diastole, and the cavity of the ventricle will en- 
large. This is immediately followed by hypertrophy. But in so doing 
the increased work which the heart now accomplishes, as a consequence 
of the greater systolic output, has the effect of raising the mean pressure 
in the arterial system. There is thus established a condition in which 
there is a greater transmission of pressure and a still greater expenditure 
of energy. The condition is a progressive one, for the greater the hyper- 
trophy and dilatation the greater the transmission of pressure and con- 
sequently a greater waste of cardiae energy. 

It is thus evident how potent a factor is a low peripheral resistance 
in the preservation of the heart in aortic insufficiency. It not only les- 
sens the tendency toward the regurgitation of blood, but it also reduces 


as 

Fig. 36.—Simultaneous tracing from the left auricle and the left ventricle after 
the production of aortic insufficiency. a, auricular systole; s, ventricular systole; 
d, ventricular relaxation; 0, opening of the mitral valves. There is a fall in the 
auricular pressure during the contraction of the ventricle. The valves must, 
therefore, be competent. 


the influence of the increased tension on the ventricle as a stimulating 
agent. 

It may not be out of place to mention here the frequency with which 
a transient mitral insufficiency may develop in the course of an experi- 
ment in which the aortic valves have been damaged. 

A simultaneous tracing of the intraauricular and intraventricular 
pressures gives a ready means of detecting such incompetency of the 
mitral valves, for instead of the normal fall in pressure, which occurs in 
the auricle during ventricular systole, there is a systolic rise of pressure 
when an insufficiency develops. Such is seen to take place in tracings 
Nos. 36, 37 and 38. These three tracings were taken at different times 
during the course of one experiment. 

In No. 36, there being a fall of pressure in the auricle during the 
contraction of the ventricle, s-d, the mitral valves are competent. In 


No. 37 there is a systolic rise of pressure, which is to be interpreted as 
indicating an inadequate closure of the auriculo-ventricular orifice. 
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Tracing No. 38 was taken an hour later, and it shows that the ventricle 
has recovered, for there is now a systolic fall in pressure in the auricles. 

This effect is probably due to periodic changes in the ventricular 
tonus, which, when lowered, permits of ventricular dilatation, and this 
is followed by a relative insufficiency at the mitral opening. This view 
is supported by the result obtained by stimulating the peripheral end 
of the vagus, which produees a marked diminution in the ventricular 


OW 


Fig. 37.—Same as No. 36, but there is a rise in auricular pressure during the 
contraction of the ventricle, s-d. The valves are incompetent. 


tone. 


Tracing No. 39 shows the effect of such stimulation. It will be seen 
that immediately before stimulation the ventricular systole, s-d, is ac- 
companied by a slight fall in auricular pressure (the valves are com- 
petent), while during stimulation there is a marked rise in pressure 
(an insufficiency has developed). O marks the commencement of the fall 
of auricular pressure and, therefore, the time of opening of the mitral 


valves. 


sCdo 

Fig. 38.—Same as No, 37, one hour later. The mitral insufficiency is no longer 
present, for now the pressure in the auricle falls during ventricular systole, s-d. 


Lettering as above. 


It is clear that the production of a relative insufficiency at the mitral 
orifice, in addition to an aortic lesion, may, to a great extent, be avoided 
by lowering the diastolic blood pressure. For, when the diastolic pres- 
sure is sufficiently low, the ventricular tone is able to overcome it and no 


dilatation results. 
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The conclusion, then, which is to be drawn from the experimental 
and clinical study of this disease is that the condition which is most 
favorable in a patient suffering from aortic insufficiency is a low diastolic 
blood pressure. This is supported by the fact, long recognized by clin- 
icians, that the outlook in a case of aortic insufficiency resulting from 
rheumatic endocarditis is more favorable than one in which the lesion 
has been the result of arteriosclerosis (Osler**). The reason is suf- 
ficiently obvious, for in the former the diastolic pressure is low, while 
in the latter, as a consequence of the rigid arteries, the diastolic blood 
pressure is high. 

Finally, this is not without a bearing on the question of the use of 
digitalis in this disease. It has been contended that this drug is contra- 
indicated because by prolonging ventricular diastole it favors increased 
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Fig. 39.—Simultaneous tracing from the left auricle and left ventricle after 
production of aortie insufliciency to show the effect of vagal stimulation. The 
diminution in tone causes a dilatation of the ventricle and a relative insufliciency 
at the mitral orifice. Before stimulation the pressure in the auricle falls during 
the ventricular systole, while during stimulation there is a rise of pressure 
from s-d. 


regurgitation. But it has been proved already that a mere lengthening 
of the period of diastasis is not harmful, if there be no diminution of the 
ventricular tone, since the pressures in the ventricle and aorta are equal- 
ized as soon as the ventricular filling is completed. The harmful influ- 
ence of digitalis can not result from its action in slowing the heart rate. 
It is due to the action which the drug possesses on the peripheral arteri- 
oles. As is well known, it has a powerful constricting action on these 
vessels, and thus, by raising the diastolic pressure, is its effect deleterious. 
Theoretically, strophanthus should be a more useful drug, since, as 
shown by Fraser, it does not possess this constricting quality to the same 


degree. 


38. Prine. and Pract. of Med., 1898, p. 517. 
39. Action and Uses of Digitalis and Its Substitutes, with Special Reference to 
Strophanthus. Read before Brit. Med. Assoc., Cardiff, 1885, p. 15. 
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SUMMARY OF CHIEF CONCLUSIONS. 

1. The work of Henderson is contirmed in that the cardiac cycle is 
not diphasic but triphasic, and consists of systole, the period of the ven- 
tricular discharge; diastole, the period of ventricular relaxation and 
filling; diastasis, the period of rest. 

2. The effect of the production of aortic insufficiency in the dog is 
to increase the amount of systolic output by only a fraction of a cubie 
centimeter of blood. 

3. The volume of blood which regurgitates is negligible. 

4. The transmission of pressure to the ventricle increases the ventric- 
ular tonus. 

5. It also produces a reflex inhibition of the vasomotor center. 

6. The fall of pressure in aortic insufficiency is due to the dimin- 
ished peripheral resistance thus induced, and is not caused by loss of 
blood from regurgitation. 

7. The increase of pulse pressure—the difference between maximum 
is due to a lowering of the diastolic pressure. 


and minimum pressure 
There is no increase in the systolic pressure, 

8. The main fa'l in pressure is systolic in time and is due to an in- 
creased blood flow through the capillaries. 

%. So long as the tonus of the ventricle is maintained, a slowing of 
the heart rate does not favor increased regurgitation. 


Johns Hopkins Hospital. 


THE DIAGNOSIS OF TYPHOID FEVER BY CULTURES FROM 
THE BLOOD OF THE EAR.* 
FRANCIS W. PEABODY, M.D. 
BOSTON. 

Although the diagnosis of typhoid fever by the cultivation of Eberth’s 
bacillus from the patient’s blood has now been practiced for some years, 
the methods hitherto generally employed have involved such complicated 
technic that they have been used to a very limited extent outside of hospi- 
tals. The cultural method of diagnosis, however, possesses two distinct ad- 
vantages. In the first place, the blood culture is the method by which the 
earliest diagnosis can be made, inasmuch as the organisms appear to be 
present in the blood from the very beginning of the constitutional symp- 
toms, thus usually a considerable time before the agglutination reaction is 
positive. Secondly, the blood culture is the most scientifically accurate 
method of diagnosis. At the Massachusetts General Hospital an aggluti- 
nation reaction is considered to be positive if there is complete clumping 
and loss of motility of the organisms in a dilution of 1 to 50 in one hour. 
Any lesser reaction—where, for instance, some of the bacilli remain free 
and motile—is termed “incomplete” or “suggestive.” Any one who 
has had considerable experience in the use of the agglutination test 
knows how often this “suggestive” reaction is met with. On the one 
hand, a case of typhoid fever may run for days, and even weeks, before 
a complete reaction is observed. On the other hand, owing to trouble 
with the culture, or to some, as yet unexplained, effect of the serum, 
diseases other than typhoid fever may give “suggestive,” or even tem- 
porarily complete, agglutination tests. Thus a case of pneumonia 
in a boy with no history of a previous typhoid infection—showed at the 
height of the course of the fever a complete reaction. Three days later, 
after the crisis, the temperature became normal, and the agglutination 
reaction was “suggestive.” A week later it was absolutely negative. In 
fact, the more one observes “suggestive” reactions the less suggestive thev 
become. It is natural, then, to seek a method of making an early and ab- 
solute diagnosis. 

A great advance in blood-cultural methods was marked by the article 
of Conradi? in January, 1906, in which he described the use of a me- 
dium consisting of ox-gall, peptone and glycerin. With this medium he 
was able to demonstrate the presence of the etiologic organism in 50 


*From the department of the Theory and Practice of Physic, Harvard Medical 
School. 
1. Deutsche med. Wehnschr., 1906, xxxii, 58. 
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per cent. of 56 cases of typhoid and paratyphoid fever. The blood was 
taken from the ear by means of a pipette, was mixed with the ox-gall 
and incubated; from this mixture plates were planted on the following 
day. 

In spite of these results, however, he believed that the best method 
was to take the blood from a vein. Conradi considered that most of the 
success of the method was due to the fact that bile prevents the coagu- 
lation of blood, and thus does away with the marked bactericidal prop- 
erties of clotted blood. 

Kayser,* who also reported cases in 1906, found that plain ox-gall 
gave as good results as Conradi’s medium. By experimentation he 
showed that the inoculation of a tube of ox-gall with as few as 2-4 
typhoid bacilli resulted, after incubation, in a profuse growth of the 
organisms. He is inclined to lay less stress rather on the fact that bile 
prevents the coagulation of blood than on the specific nature of the bile 
itself. When the frequency of gall-bladder infection in typhoid fever 
is considered, together with the numerous cases in which the organisms 
have been carried in the gall bladder for years after the acute infection, 
this latter view seems more plausible. 

Kayser reports 200 cases. Five of the cases in the first week were 
paratyphoid fever, and in 4 of these the organism was obtained. All of 
47 cases of typhoid fever in the first week gave positive blood cultures. 
In the second week 57 per cent. of 92 cases were positive. In the third 
and fourth weeks 40 per cent. of 56 were positive. Of the total 200 
cases the etiologic organism was obtained in 65 per cent. Thirty-seven, 
or 18.5 per cent., gave the diagnosis by culture before it could be made 
by the agglutination test. Coleman and Buxton*® obtained positive re- 
sults by the use of Conradi’s medium in all of 24 cases, in which the 
blood was taken between the fifth and twenty-first days of the disease. 
Veil* has lately reported 210 cases in which he used plain ox-bile as 
a medium. In the first week the cultures were positive in 78 per cent. 
of 32 cases; in the second week they were positive in 63 per cent. of 105 
cases; in the third week in 43 per cent. of 44 cases, and in the fourth 
week in 22 per cent. of 20 cases. In the first week only 50 per cent. of 
his cases gave the agglutination reaction. In the later weeks the agglu- 
tination reaction was more constant than the culture. 

The general method of these writers has been as follows: By means 


of a syringe 2.5 c.c. of blood are taken from a vein and added to 5 c.c. 
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. Miinech, med. Wehnschr., 1906, liii, 823 and 1953. 
Am. Jour. Med. Sci., 1907, exxxiii, 896, 
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of sterile ox-gall in a test-tube. The mixture is incubated for about fif- 
teen hours, when a few drops of it are planted on Endo’s or Drigalski- 
Conradi plates. The colonies growing on these plates are then put 
through the regular cultural and agglutination tests for the typhoid 
bacillus. 

In the following cases from the medical services at the Massachusetts 
General Hospital, an attempt has been made to put the ox-gall medium 
to practical use and to simplify the technic of blood cultures so that they 
may be used as a routine diagnostic measure in typhoid fever. The ordi- 
nary method of obtaining blood by inserting the needle of a syringe into 
one of the veins of the forearm is in itself a procedure too complicated 
for general use outside of hospitals. It involves thorough sterilization 
of the surface of the arm and of the operator’s hands. It can not be done 
easily by one person without an assistant. ‘To many patients the pain 
caused by the prick of the needle is decidedly disagreeable. Finally, 
there are not a few individuals with such small or obscure superficial 
veins that it is difficult, or even impossible, to get the point of the needle 
into them without a preliminary skin incision. 

In all the following cases, therefore, the blood was taken from the 
patient’s ear. Test tubes containing 5 e.c. of fresh ox-gall, sterilized in 
the autoclave, are used. The lobe of the ear is cleansed with aleohol and 
sterile gauze and then pricked with a small lancet-pointed knife. The 
blood is squeezed out, drop by drop, and allowed to run into the tube of 
bile. By careful manipulation 1 to 2 c.c. can be collected without any 
inconvenience to the patient. Not more than 2.5 c¢.c. blood should be 
added to 5 ¢.c. of ox-gall (Kayser), but up to this limit the more blood 
there is taken the greater the chance of obtaining the organism. 

The test tube containing the bile and the blood is then put in the 
incubator for about fifteen hours. At the end of this time the medium 
shows no distinet gross change. Microscopic examination of a drop of 
the bile may show the presence of organisms, but, as they are sometimes 
difficult to see, a transfer of several loopfuls is made to a tube of coagu- 
lated blood serum. After from 3 to 5 hours of incubation, microscopic 
examination of the water of condensation shows the presence of motile 
bacilli. A transfer is then made from the blood serum to agar for a 
stock culture. Inasmuch as complete sterilization of the skin of the ear 
is often impossible, a contaminating growth of cocci may be present, but, 
since the typhoid bacilli grow much more rapidly than these, a transfer 
to agar from a voung blood-serum culture will usually result in a pure 


stock culture. 
The demonstration of a motile bacillus in the water of condensation 
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of the blood serum can be made in 18 or 19 hours at most, and this in 
itself appears very good evidence of a typhoid or paratyphoid infection. 
In no case was a motile bacillus found which proved on further investi- 
gation to be other than the etiologic organism. In order, however, to 
identify completely the organisms, they have all been shown to decolorize 
with Gram’s stain, grown on glucose agar and litmus milk, and tested for 
agglutination with the serum of a rabbit immunized to the typhoid bacil- 
lus. The agglutination reaction is often difficult to obtain, for the 
freshly isolated organisms may be at first almost non-agglutinable. After 
growing them on artificial media for some time, and especially after 
making a series of cultures at intervals of from 24 to 48 hours, this 
resistance seems to disappear and the organisms are much more easily 
agglutinated. 

The method here adopted has as its advantages, first, the use of blood 
from the ear, and, second, the use of coagulated blood-serum_ tubes 
instead of Endo’s or Drigalski-Conradi plates. The need of special dif- 
ferential media is thus avoided, and, as the growth on blood serum is 
much more rapid than on agar plates, the results are obtained earlier. 
Moreover, experience has shown that if the organisms are not obtained 
from the blood-serum culture there is very little likelihood of obtaining 
them from the plates, even after a longer incubation of the bile. In fact, 
if the typhoid bacilli are present in the original culture, they are almost 
always present in large numbers. 

Blood cultures were made from 33 cases in which the diagnosis of 
typhoid fever was made either by the agglutination reaction or by a posi- 
tive culture. The following summary shows the cases by weeks and also 
the relation of positive cultures to positive agglutination reactions: 


Agglutination. Culture. 
positive. positive. 
* Stage Cases. Cases. Per Cent. Cases. Per Cent. 
First week ‘ . §& 3 60 5 100 
Second week .......... ih 14 73.6 5 78.9 
Third and fourth weeks. % 7 77 1 44.4 
a4 72.7 24 72.7 


It will be noted that these results compare favorably with the larger 
series of cases, in which the blood was drawn from veins. In 9 cases, or 
27.2 per cent. of the total number, the positive culture preceded the ag- 


glutination reaction by from 3 to 7 days. In one of the cases an agglu- 
tination with the laboratory typhoid culture was never obtained, althougi: 
the test was made at intervals throughout the course of the disease. The 
son of this patient, presumably infected with the same strain of organism, 
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gave a positive culture and agglutination test on entrance, but later in 
the disease the agglutination reaction became completely lost. 

In one instance the typhoid bacillus was isolated on admission to the 
hospital, and again during the course of a relapse. Cultures taken during 
the afebrile period and at the beginning of the relapse were negative. In 
4 cases the first culture was negative, while a second culture, taken a few 
days later, was positive, and in one case the first two cultures were nega- 
tive, while a third was positive, giving the diagnosis before it was made 
by the agglutination reaction. It is thus advisable not to be content with 
one negative culture if the case continues to be suspicious. 

The results of this and other series of cases go to show that in the 
arly stages of typhoid fever the diagnosis can be made in the majority 
of cases by isolating the etiologic organism from the blood. Inasmuch 
as the requisite amount of blood can be so easily obtained from the 
patient’s ear, there is no reason why the method should not be applied 
in every suspicious febrile case. The study of the culture and the iden- 
tification of the organism is a comparatively simple bacteriologie process 
where laboratory facilities are available. In examimiii;:: and reporting 
on cultures for practitioners who are not accustomed to doing their own 
bacteriologic work, a new field of usefulness is open to such public labora- 
tories as already aid in making early and accurate diagnoses by perform- 
ing agglutination reactions. 

I am greatly indebted to the visiting physicians of the Massachusetts 
General Hospital for permission to use their patients; to Dr. J. H. Pratt 
for many valuable suggestions, and to Drs. J. H. Young and R. Kinni- 
eutt, Jr., who have allowed me to include the results of bacteriologie 


examinations made by them. 


THE BEARING OF METABOLISM STUDIES ON CLINICAL 
MEDICINE.* 


Davip L. Epsati, M.D. 
PHILADELPHIA. 


In a pursuit like the practice of medicine, in which we have two 
kinds of possible activities, one essentially very close to pure science, the 
other engrossing practical work, those engaged in these two fields are 
likely to draw somewhat apart. There is a strong tendency for many of 
those occupied with scientific matters to keep their minds so closely 
fixed on the abstract problems they are endeavoring to solve that they 
and 


forget to reconnoiter as they go along, and to attempt to determine 
they often forget particularly to point out—wha,. practical bearings thev 
may discover by the way. A certain number of such workers, indeed, 
frown very readily on frequent excursions into the practical application of 
science, as being somewhat cheap and likely to mix science and empir- 
icism. They forget that in practical medicine we make such a mixture 
constantly, and must de so. Our efforts must be to avoid hasty and un- 
reasonable application of science, but to apply whatever we reasonably 
can, provided we thereby do no harm, even though it be not completely 
demonstrated that our reasons for the practical measures are absolutely 
sound, for it is but rarely that absolutely final proof can be given. The 
clinician, on the other hand, finds it exceedingly difficult to keep up a 
serious acquaintance with scientific medicine. Consequently, he often 
feels unable to get for himself the practical bearings of scientific work 
that is of a kind outside of his own immediate interests, and, hence, tends 
to neglect these bearings more or less entirely ; or sometimes he goes to the 
other extreme and draws those unjustifiably broad practical conclusions 
from scientific work that especially offend his more scientific brother. 

So far as there is any fault in this, it must be divided. It is, indeed, 
scarcely the fault of either, so much as of the present-day demands on 
both. Nevertheless it is not unfair for us to ask, with Oliver Wendell 
Holmes, that the medical scientist shall serve his knowledge “with special 
limitations and constant reference to practical ends;” but at the same 
time to demand that those of us who are clinicians remember that not 
only must scientific knowledge accumulate, but its principles even more 
than its details need to be comprehended, if practical medicine is to be 


* Lecture delivered by invitation of the Harvey Society, Nov. 30, 1907. 
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benefited by it. In one of the wisest and most charming of recent med- 
ical books (Principia Therapeutica) Dr. Harrington Sainsbury says: 
“There are many who make light of general principles, knowledge of 
detail their sole demand; but this point of view sees one side only of 
the shield, be it silver or gold, as it shall please them; for while, doubt- 
less, general principles without details make but a foolish business, it is 
no less true that details without guiding principles yield but a busy 
foolishness.” My warm sanction of this remark and my feeling that both 
clinicians and medical scientists often make too indifferent a search for 
the practical guiding principles that may be derived from exact inves- 
tigations were, indeed, the things that determined me to treat my sub- 
ject in a general way rather than by going into a detailed discussion of 
specific facts of the subject. Studies of metabolism, in the broader sense 
of this term, are, I think, a more fruitful source of clinical principles than 
is any other form of investigation, unless it be that relating to hygiene. 
The most direct reason for this is that they are carried out on living 
beings and deal with living processes while the latter are still in action. 
A more prosaic but still not inconsiderable further reason is that a large 
part of the conclusions are derived from actual figures, often, indeed, 
by balancing one column of figures against another. Figures are very 
convincing and clarifying to the human mind, and give much less op- 
portunity to indulge any unconscious personal bias than does clinical 
observation, or even morphologic or most other accurate studies into 
which figures do not enter, and it is in ridding him of bias that investiga- 
tion is most useful to the clinician. 


SCIENTIFIC AND LITERARY STYLE. 

In his essay on “Style” Walter Pater describes the scientific style as 
presenting facts painstakingly as such, unembellished by imagination, 
while the literary style, “as it more closely. approaches fine art,” be- 
comes more and more the presentation of facts, not simply as such and 
as accurate truths, but in the form of truths as they appear to the writer 
—“soul facts,” as he calls them. Considering that he is working for the 
art of medicine as well as the science, I think the medical scientist often 
presents his facts too little embellished, but, on the other hand, being a 
clinician, I may say without impertinence that, surrounded as he is by 
impressive human happenings and a complexity of the details of disease, 
the clinician’s tendency—a tendency that it is always his earnest desire 


to avoid—is frequently to make for himself “soul facts” that do not 
bear contrast with the real thing, if the latter can be found. Nothing, 
to my mind, succeeds better than a few figures in determining whether 
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our conceptions are scientific or “fine art.” These figures sometimes 
destroy idols and may leave nothing in place of them, but this is, at 
least, more satisfying than error. They often simply confirm vague be- 
liefs or traditions that were based previously merely on observation, but 
this gives confidence in place of uncertainty. Frequently they yield new 
facts that could have been learned in no other manner. 

Among the many ways in which metabolism studies have already 
influenced clinical medicine and will continue to do so, I have been par- 
ticularly impressed with some of those that often escape notice, chiefly, I 
imagine, because they are so simple and elementary that serious students 
of the question searcely think any more of many of them. Among the 
most prominent of these, to my mind, is the effect that such studies have 
quietly exerted on the clinical use of changes in excretion in reaching 
diagnostic and therapeutic conclusions. In this point more than in any 
other, perhaps, there has been the tendency among clinicians to use 
details irrespective of the principles that govern these details. Some of 
the simplest principles of metabolism have often been overlooked, and, 
as a consequence, false diagnostic premises have often been built up. A 
correct appreciation of our knowledge of metabolism has served chiefly an 
iconoclastic end in this connection, but it is none the less serviceable; for 
no thinking person can doubt that to destroy a false belief is quite as 
useful as to demonstrate a new truth. 


RELATION OF EXCRETION TO INGESTION, 


The older literature was burdened with discussions of the value of 
things so inevitably unreliable as the determination of the percentage 
of urea, of uric acid, of various other excretory products, and of sugar, 
in a specimen of urine, without any consideration of the relation of this 
specimen to the total amount passed in the day. Such measures are, 
indeed, still carried out to some extent, as indications of the excre- 
tory capacity of the kidneys, of the kind and extent of any metabolic 
diserder that may be suspected, or as an indication of the severity of a 
glycosuria. It does not take a lively imagination to realize that varia- 
tions must occur in accordance with the period of the day at which the 
specimen has been secured, but it has been necessary to accumulate dem- 
onstrative evidence of this to convince many minds; and some persons 
even yet remain so unfamiliar with the basic facts of excretion that they 
still fail to comprehend so simple a principle, and do not realize that 
first of all the mixed urine of a twenty-four hours’ period must be stud- 
ied if one is to have the slightest idea even of the real amount of any 


substance that is being excreted. 
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So simple a fact as this is readily understood and comparatively little 
neglected now by careful clinicians; but, though it would seem to be 
equally true without demonstration, it takes much more emphatic evi- 
dence to convince most persons that the excretion of any substance varies 
with the amount taken in of the substance itself, or of the foods that 
vield it. It is fruitless to attempt to reach any accurate conclusions on 
the basis of studies of excretion unless one knows the amount taken in 
of those substances that influence this excretion. There is a general 
comprehension of the fact that a glycosuria is largely influenced by the 
diet; the relation is, indeed, so direct that it is traditional lay knowl- 
edge. But this knowledge is even yet too infrequently considered in 
judging of the severity of a glycosuria, and it has taken a long time to 
convince many who have little interest in metabolism that estimations 
of urea mean nothing unless accurately contrasted with the amount 
being taken of urea-yielding foods. If those who in their studies of 
renal cases have made urea estimations—and especially our colleagues, 
the obstetricians, who have devoted much discussion to this method of 
diagnosis—had had the opportunity to see the nitrogen excretion in a 
normal person vary from a few grams to thirty or more, in accordance 
with mere changes in diet, the time that they have lost over this point 
would have been saved. Accurate metabolism studies carried out chiefly 
by von Noorden and his students have, indeed, shown us how impossible 
it is, even in marked nephritis, to reach any certain diagnostic or prog- 
nostic conclusions from the most careful attempts to demonstrate reten- 
tion, for retention is by no means the rule even in very bad cases, and it 
ordinarily varies with excessive excretion; and where retention occurs it 
may be due to poor excretion or to actual building up of tissue, the lat- 
ter, of course, being usually a good omen rather than a bad one. A 
number of other factors, such as the absorption and excretion of edema 
fluid, also influence results so largely that clinical deductions are usually 
unwarranted from such studies. 

THE VALUE OF CRYOSCOPY. 

This same point of view that I have just been discussing might have 
saved medical and surgical clinicians much useless labor in more recent 
years in other studies of the functional capacity of the kidneys. A very 
large part, for instance, of the work that has been done regarding the 
excretion of sodium chlorid in renal disease has been carried out without 
any consideration of the diet, and all that work is, therefore, nearly ov 
quite worthless. In most of the work on cryoscopy also the diet has been 


neglected, and the results are, therefore, especially in ervoscopy of the 
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urine, almost entirely valueless. Indeed, because things are excreted in 
different form from that in which they were ingested, we have no way 
of telling accurately what effect changes in diet would have on eryoscopy 
of the blood even, and especially on cryoscopy of the urine, except that 
we can test the influence of an absolutely exact standard diet in nu- 
merous different individuals, and can take an average of this and call 
it a normal. While the results would perhaps be reasonably accurate 
in normal persons, changes in metabolism as well as in excretion would 
largely affect the result, and we have no means in any cases under 
observation of telling whether the abnormalities are the consequence 
of metabolic or of excretory conditions. Therefore, a method that is 
in itself so exact as to fascinate the mind becomes clinically of little 
value in studying disorders of excretion, except in contrasting the con- 
centration of the urine as secured separately from the two kidneys. 
Neglect of this view of the question has, it appears to me, led to a great 
deal of time being wasted in attempts to use this method for the elucida- 
tion of questions that it could not clear up. 

Similar remarks apply to various similar studies and conclusions. 
Theories, and even descriptions of distinct diseases, have, for example, 
been built up on the mere presence of precipitates of oxalates and phos- 
phates in the urine. There are some interesting questions, as yet not 
solved, regarding the relation of oxalates to digestive disturbance; and, 
to my mind, there is a much broader and more interesting relation than 
is usually admitted nowadays between so-called oxaluria and metabolic 
disturbance. 

I have seen some exceedingly curious examples of a close relationship 
between oxalate precipitates and clinical symptoms; such, for instance, 
as a mania of a few days’ duration in the convalescence from an acute 
pneumonia, the urine containing oxalate crystals during the period of 
mental disturbance, but not before or after. The oxalate precipitates, I 
take it, are merely an index that something else is going wrong; they are, 
of course, almost certainly not the evidence of oxalic-acid poisoning, and 
usually not evidence that the amount of oxalic acid in the urine is in- 
creased. 

As to the phosphates, theorists have even gone so far as to describe 
distinct nervous disorders due to a loss of phosphates from the system, 


basing this almost solely on the presence of precipitates of phosphates in 
the urine. Real studies of metabolism have, of course, in most such cases, 
shown that there is no excess in the urine; that the phosphates precipitate 
because of conditions unfavorable to their solution, or if the amount 
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happens to be large it is ordinarily because an excess has been taken in 
the diet. There are unquestionably peculiar and interesting problems to 
be worked out in connection with some of these cases of phosphate pre- 
cipitates. In some instances they present almost a definite syndrome, 
particularly certain cases in which I have been much interested in which 
the urine periodically becomes alkaline, phosphates precipitate out, and 
this is soon followed by a migrainous headache, and subsequently by 
symptoms appearing to indicate that the individual is eliminating toxic 
material through vomiting, diarrhea or diuresis. The attack is then over. 
In some cases with phosphate precipitates I have found the rather curious 
condition of an excessive excretion of ammonia, without any apparent 
reason for it. Ordinarily excess in ammonia excretion means, of course, 
the presence of an undue amount of acid in the system, and the excess of 
ammonia is present in the urine simply because it has been used to neu- 
tralize the acids, but in these cases there is no evidence of acidosis. The 
conditions, indeed, are so far from it that the urine is alkaline when 
passed. What such conditions mean I do not know. 

A similar instance of a hasty conclusion that was soon set right by 
real investigations of metabolism is the claim made a few years ago by 
some of the French school that pulmonary tuberculosis is associated with 
and more or less dependent on a “demineralization” of the tissues; that 
there is a regular loss of mineral salts from the tissues. This statement 
was soon corrected by accurate metabolism studies by Ott and others, and 
it need never have been made had a proper contrast of intake and outgo 
been worked out in the beginning. 

THE “URIC ACID DIATHESIS.” 

In no relation in the whole range of medicine has this point of view 
been so thoroughly obscured and so often lost sight of as in all the labor 
that has been expended on the building of idols of uric acid and in break- 
ing these same idols afterward. A very large part of this labor might 
have heen saved could both clinicians and physiologists have started with 
the same conception that we have long had regarding other excretory 
products, that is, that the excretion is largely influenced by the amount 


of uric-acid-vielding foods taken. 

Whatever direct relation to the causation of disease uric acid may 
ultimately be shown to have—and this, I think, will probably be slight— 
we have, at least. learned that mere studies of its excretion are of little. 
if any, clinical value: first of all, because the amount excreted is, in 
large part, directly dependent on the kind of food taken, and, worse than 
this for the clinician, because a certain amount is formed in the organism 
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and not only directly from tissue breakdown, but also, almost certainly, 
synthetically. We do not know how much this is normally, and can not 
tell at all, therefore, how much it may be in disease. To add to the com- 
plexity of the question, we have learned that some of that derived from 
the food, and some that is formed in the organism, is altered to other 
substances in its travels through the body, but we do not vet know how 
much, and we know almost nothing about the way in which some of these 
variable factors are influenced by most diseases. 

We can not, therefore, by the most exact methods of studying excre- 
tion tell more about uric acid or the total purin metabolism than that the 
amount of the various purins in the urine is larger or smaller than it 
should be on the diet then being used ; and that this may be due to abnor- 
malities of exeretion or to disorders of oxidation, synthesis or other 
metabolic processes. We have no accurate scientific conception as to 
which is at fault in any particular instance. 

When I was graduated in medicine, stress was still often laid on urie- 
acid precipitates as indicative of disease depending on uric acid. Yet it 
was apparent, even long before this time, that such precipitates mean of 
themselves nothing regarding the amount of uric acid in the urine, but 
are due to the effects of low temperature or chemical changes in the other 
components of the urine that affect the solubility of the uric acid. Traces 
of such elementary error in teaching, however, still remain in some med- 
ical writings that carry authority. When we learned laboriously the 
striking influence of diet on uric-acid excretion, the door appeared to be 
open to some definite knowledge; but the relative effects of abnormalities 
of synthesis, oxidation and excretion can not yet be reckoned with at all. 

So far as I can see, of all the clinical uric-acid idols, at least of all 
those relating to the excretion of uric acid, but one remains—the recently 
determined fact that gouty persons excrete but a small amount of endog- 
enous uric acid, and they excrete the uric acid derived from the food 
slowly or imperfectly, if one makes careful quantitative studies of the ex- 
cretion over a period of many days. This idol, too, I strongly suspect, will 
in large part fall. The diagnostic, and to some extent at least the thera- 
peutic, conclusions built on it will, in that case, fall with it. I have al- 
ready observed cases other than gout in which the same thing occurs 
strikingly, and other persons have done the same. Probably this will prove 
to be frequently true, and the abnormality will be shown to be the result 
of so many causes that it can have no important significance in relation to 
gout from the diagnostic standpoint. Yet, though the status of the studies 
of the exeretion of uric acid is what [ have indicated, I am still frequently 
met with the request, from some of my most respected clinical associates, 
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to point out to them how they can get help in their diagnoses by making 
studies of the amount of uric acid in the urine. It may be that better 
results will be obtained from studies of the exact amount in the blood, a 
method that has recently been systematically used for diagnostic purposes, 
but the value of such studies is not vet clear, for many of the above men- 
tioned objections apply to it also and it is too difficult for ordinary clini- 
cal purposes. 

Such are examples of “soul facts” that have been demonstrated to be 
such through metabolism studies,and as a consequence of our better know!- 
edge, the false diagnostic and therapeutic conclusions built on them have 
more or less completely disappeared. The influence of metabolism studies, 
however, has been by no means solely iconoclastic. Probably in no line of 
medical work have the methods followed been more purely empirical until 
recent vears than those used in dietetics, and vet in scarcely another line 
of work has so much labor been expended in the last generation in ac- 
cumulating facts. These facts are, however, only beginning to be widely 
appreciated. Dietetics is much less a matter of mere experience and per- 
sonal opinion than it was. All humanity finds it much more difficult to 
make use of new knowledge and laws relating to the things that we have 
grown up with than in connection with matters that are themselves new 
and strange, and food is so old a story that it is difficult to teach our- 
selves to examine into its use in medical practice in much the same way 
that we study the use of other therapeutic measures. 

DIETETICS. 

In dietetics we remain more prone than in most other medical prac- 
tices to work with details, regardless of principles, instead of using what- 
ever principles we have in leading us to correct details. Indeed, it ap- 
pears to me that a writer to whose wisdom I have already emphatically 
referred comes very close himself to recommending in dietetics the “busy 
foolishness” that he so scorns in drug therapy, when he practically advises 
us not to bother our heads about the discussions of food standards, but to 
attend to the details that suit the individual. 

We must always arrange our diet for individuals, and not for a 
mere average human being. But in dealing with serious conditions by 
using drugs we are dependent, first, on knowledge of what the action 
of a drug really is, and, in the second place, on knowledge of the dose 
that is usually effectual and safe. If we would be accurate in regard to 
the much more vital question of foods—and particularly if we would be 
accurate in dangerous cases, in which we ourselves are largely responsible 


for the amount and character of the diet and in which, if any grave errors 
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occur, we alone are at fault—we must know, first of all, what the actual 
nutrient powers of the food we use are, and how much of it an average 
individual ought to have, if he is to be neither starved nor overburdened. 
It is quite true that the physiologist asks a little too much of us when he 
presents the matter to us, as he often does, in such a form that it would 
appear that to arrange a diet with reasonable accuracy is almost the same 
thing as to conduct a laborious physiologic experiment, and both the 
physiologist and the clinician discuss these standards too much as if they 
were absolute things, that are meant to be followed literally, instead of 
being simple guides; and vet at the same time that he demands absolute 
rules the clinician sees the impossibility of constant standards, for he 
knows that we deal with complexities of disease and temperament that 
make absolute accuracy a thing that even the physiologist can not reach 
with his most exact methods, and that with patients who are not seriously 
ill it is utterly impossible in ordinary practice to be more than approxi- 
mately accurate in attempting to make dietary regulations approach 
standards. Hence he often objects that these standards are worthless 
and makes no attempt to use them. But the clinician might remember 
that he does not demand absolute standards in other things, as, for in- 
stance, in the use of drugs. He makes allowance for temperament and 
for peculiarities of disease in such things, but in this present day he 
would be looked on as a dangerous character if he had not learned what 
the pharmacologist has taught us as to the effect of drugs and the amount 
that may wisely be used with the average individual. 

If it were a general custom to look at foods, first of all, from the 
same point of view as drugs are looked at—from a consideration of the 
kind and amount of their food value, on the one hand, and of the food 
demand of the average individual of a given size, on the other—we should 
less frequently see persons fed on a diet that may be big in bulk, to be 
sure, and that may look impressive on the records ; but that is composed of 
material of so little food value that the whole amount evidently means a 
considerable degree of starvation when its caloric value is contrasted with 
the real demand. We should then less frequently see disease made more 
grave and convalescence more prolonged through the use of such a diet, 
and we should have been quicker to recognize, for example, that profound 
exhaustion, fever, delirium and other symptoms in the later stages of 
particularly in typhoid fever— 


acute disease and in the convalescence 


are the result of too limited a diet quite as frequently as they are due to 
continued toxemia, a fact that is particularly true in dealing with chil- 
dren. On the other hand, we should see less enthusiasm over many of 
the so-called “free diets” used in typhoid fever during recent years if 
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we were accustomed to looking at a diet list in such a way that it becomes 
apparent that many of these free diets are, to be sure, more solid, but at 
the same time less nutritious, than is a reasonably generous milk diet. 

Such methods can easily be used in severe disease, for, with a patient 
at rest, his food demand is apparent, and the diet is simple and its value 
easily determined. A little practice gets one into the habit of thinking 
in this way. When diets are more complex, we must trust chiefly to judg- 
ment, to the patient’s appetite, and to observation of the effects, rather 
than to figures, in regulating the amount of food, but even here we can 
avoid such gross errors as burdening a delicate child with an amount of 
food that possesses two and a half times the amount of calories that an 
adult would need and wondering why his health does not improve—an 
example of what I have seen done. If, too, we followed some of the de- 
tails of clinical studies of metabolism and absorption we should know, for 
instance, that over-generous feeding in conditions like pulmonary tuber- 
culosis is not only evidently likely to tax digestion, metabolism and ex- 
cretion; it has also been shown often to result merely in burdening the 
digestive tract and in expulsion of much of the food, especially much of 
the fat, in the feces; so that the end-result is merely to overwork digestion 
and to waste food. 

I can state without fear of contradiction that the number of clinicians 
that habitually use the available knowledge of dietary standards, food 
values, digestion and absorption of foods, the behavior of foods in the 
course of metabolism, and the chief excretory products of food, in helping 
them to plan their diets, is extremely small as compared with the number 
that employ whatever accurate knowledge we have in connection with the 
much less serious question of the use of drugs. I believe that quite as 
many patients are damaged by faulty use of foods as by faulty orders 
concerning drugs. Our knowledge of these various questions concerning 
dietetics is very imperfect in many particulars, but it is no more imper- 
fect than is our knowledge of drugs and many other therapeutic meas- 
ures. 

SPECIFIC DIETS. 

There are, it appears to me, two striking errors besides inexactness in 
the general view of dietetics—errors that our knowledge of metabolism can 
largely set straight at once. One is that often vague, but nevertheless 
common, feeling that the details of a diet should be specifically suited to 
the disease in which it is to be used. We have got well past the point 
where we thought drugs to be frequently specific in their action. We 


should make the same confession in regard to diet, and we should get 
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farther. We know almost nothing about any actually specific alterations 
of general nutrition that may occur in specific disease, and we know com- 
paratively little of the specific effects of different foodstuffs on normal 
nutrition. 

To attempt to arrange actually specific diets is, therefore, in most 
diseases impossible; and it is questionable whether we shall ever get to 
the point at which we can do this. Just as in the general treatment of 
particular diseases our measures are almost always directed not against 
the disease as such, but against certain conditions that occur in that 
disease (these conditions, however, usually occurring in many other dis- 
eases, in different combinations), so, in diet, do we study and treat, not 
diseases, but conditions, such as overnutrition, undernutrition, irritability 
and sluggishness of the digestive tract, exalted and sluggish metabolism 
and difficulties in excretion. Dietary studies have taught us how to meet 
with considerable exactness general excessive or reduced nutrition, in 
most instances; and also how to prevent such conditions. Such studies 
have also given us much knowledge of the suitability of most foods in 
controlling or preventing the general types of digestive disturbance that 
I have mentioned, and they have taught us an appreciable amount con- 
cerning the reduction of the labors of metabolism and excretion through 
proper choice of foods. We have much yet to learn, but we do not make 
use of what we have learned. If we can start from the standpomt of 
learning the general type of the condition that we are dieting, and can 
then apply the general principles of our knowledge of metabolism and 
of foods to this, the question of details will afterward become compara- 
tively easy and will be simply dependent on the gradual elaboration of 
one’s skill in details. 

The next most impressive dietetic error, it seems to me, is to restrict 
narrowly or largely exclude most or all the members of a class of foods, 
because there seems to be an especial difficulty with this class. We com- 
monly encounter the order, for instance, to “stop using starchy foods” ; 
and often, as a result, carbohydrate foods are more or less completely 
excluded from the diet. Unquestionably, we have been clearly taught that 
a considerable amount of protein is essential, and in recent years we have 
equally well learned that an even larger amount of carbohydrate is almost 
as necessary for the proper performance of the chemistry of the body 
processes and especially in avoiding acid intoxication. A reasonable 
amount of fat is also at least extremely desirable, because of its great 
food value. These facts sufficiently indicate that our efforts should not 
be directed toward the exclusion of the whole of a peccant class of foods, 


in case some of the class disagree. We should, on the contrary. develop 
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sufficient knowledge of food composition and food preparation to be able 
to choose from the troublesome class varieties that will themselves agree. 
This we can usually do. It should be our chief effort to keep the amount 
of each class approximately near the normal, except when temporary com- 
plete rest from some one class appears to be needed, as occasionally hap- 
pens. If wide variations from the normal are very harmful, it is prob- 
ably true that even moderate variations from the normal are at least 
disadvantageous, especially if persisted in. 

Such are some of the main principles that we can derive from dietary 
studies, but there are many other points that could be discussed. For 
instance, simple intake and outgo experiments have shown that it is 
exceedingly difficult to make a normal person gain in protein tissue by 
feeding, but they have demonstrated how greedily the convalescent retains 
protein. He is in much the same state as is the growing child in this 
regard. A proper appreciation of such a point as this makes one realize 
much more clearly that by taking advantage of this tendency and wisely 
pushing matters in convalescence we can not infrequently transform a 
disease from a curse into a blessing by keeping metabolism on the run, 
so to speak, thus making tissue growth go farther than the previous 
amount, and changing a person previously ill nourished into one whose 
nutrition is comparatively good. The same principle holds with the 
infant. Not only does the infant or child retain large amounts of pro- 
tein; this very fact, as well as simple reflection, indicates that large 
amounts are needed at this period of life, and I firmly believe that in re- 
cent vears the minds of pediatrists have been so fixed on the digestive 
tract and on the dangers of high protein feeding that general nutritional 
demands have been half forgotten and many infants have been injured by 
giving them too little protein. 

There are numerous other ways in which a knowledge of metabolism, 
even though it can not be so directly translated into action, is neverthe- 
less indirectly influential in determining a broad and comprehensive 
action instead of a narrow and mistaken one. One of the simplest in- 
stances of this, for example, is diabetes. We are much better off clin- 
ically to know that there is no evidence, except in the late and grave 
stages, of a toxic tissue destruction in diabetes; that treatment directed 
to the elimination of a toxemia would be superfluous, and that the anom- 
aly, whatever its actual nature may be, appears in ordinary instances to 
produce a tissue loss simply because there is a food loss due to the glyco- 
suria, and the glycosuria largely explains all the other typical symptoms, 
even the acidosis and the coma that may occur. This makes much more 
clear the entire dependence of successful treatment on diet. 


166 METABOLISM STUDIES. 


The severity of the disturbance in various diseases has often been 
made clearer by balancing figures against each other. One of the most 
striking instances of this that I have ever seen is a case of simple pur- 
pura that I have recently studied, one of the type that affords no clinical 
evidence of constitutional disturbance and hence is said to have no con- 
stitutional symptoms. This patient, when studied metabolically, showed 
a high grade of tissue loss with each outbreak of purpura, demonstrating 
clearly that he had severe metabolic disturbance and that some metabolic 
disorder in all probability produces his attacks; for the amount of hemor- 
rhage was not sufficient to have been of itself responsible for the disturb- 
ance of metabolism. 

The effect of different forms of treatment can frequently be made much 
more apparent by studies of this sort. For instance, I have recently 
investigated a case of direct transfusion by Crile’s method, in which the 
clinical results and the effect on the blood indicated solely improvement 
in the patient’s general condition and his blood count. A metabolism 
study, however, showed very striking tissue destruction, with some feat- 
ures that indicated that it was almost certainly not due merely to a 
breaking down of the transfused blood, thus showing that the effects of 
this operation may at times, in diseased persons at least, be much more 
extensive than merely to provide more blood for the patient, and it would 
seem that these effects may occasionally be very dangerous, for when a 
second transfusion was done in the same patient death speedily followed. 
Similarly, I have acquired a much more serious respect for the effects of 
the z-ray from having observed the remarkable influence that it can exert 
on metabolism, and having seen how easy it may be for the x-ray to cause 
tremendously good or dangerously bad results in ways that are not 
readily made apparent through ordinary clinical observation or through 
other methods of study. 

The results of simple intake and outgo estimations often, too, make 
more apparent the nature of conditions, and especially whether there are 
or are not evidences of toxic tissue destruction, and, therefore, whether 
we can wisely use eliminative measures, or whether these would probably 
be positively harmful because not indicated. These are instances of the 
numerous ways in which metabolism studies of the simplest form— 
namely, balancing intake against outgo—have influenced our clinical 
conceptions of disease and of the manner in which various kinds of dis- 
ease should be managed. There is, however, a vastly broader aspect of 
metabolism investigations. 

Beyond all other things it has always been apparent, and in recent 
years more and more evident, that in order to gain an intimate acquaint- 
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ance with metabolic processes in normal or diseased persons we must not 
limit our studies to a comparison of the intake and outgo, and to a de- 
termination of the grosser changes in the excretions, the body fluids and 
the tissues, but must acquire a closer knowledge of the intermediate 
changes that occur in the course of digestion and in the synthesis and 
breaking down of tissue, and must learn the kinds of things that favor or 
interfere with these processes. Many tentative efforts were made to do 
this, but the tangible knowledge that they provided was slight, because 
the work was done somewhat blindly, until within the past few years, 
when two remarkable changes have occurred in our point of view and 
have opened the threshold to a new era in studies of metabolism. 


TISSUE FERMENTS., 


One of these is the conception we now have of the activity of ferments 
in tissue processes, a conception originally due to Salkowski’s initiative ; 
the other, the conception that we now have regarding the constitution of 
the protein complex, the meaning of the changes in protein that occur 
in digestion and metabolism, and their bearing on the breakdown and 
synthesis of tissues—a conception that was in the beginning due largely 
to the work of Kessel and his school, and in more recent years has been 
elaborated to a marvelous degree by the work of Emil Fischer and numer- 
ous others that have worked with him. 

It is a striking fact that in the last-issued edition of Neumeister’s 
Physiologische Chemie its then prominent author should have felt justi- 
fied in stating that the observations of Salkowski and others concerning 
the presence of ferments in the tissues meant merely that these ferments 
were absorbed from the digestive tract in zymogen form, not that their pro- 
duction had any relation to the essential activities of the tissue cells, and 
that this statement should have been followed very soon after by the ad- 
dress of Hofmeister in which he predicted that it would be shown that 
most tissue processes, synthetic or catabolic, are largely dependent on the 
activities of ferments produced in the tissues. A few years ago we looked 
on ferment processes as confined to the digestive tract. Now the very 
name “digestive tract,” so far as it applies distinctively to the kind of 
processes that go on in the stomach and intestines, has become almost a 
misnomer, for it has been made apparent that the same general kind of 


processes go on in the tissues everywhere, products similar to those pro- 
duced in the alimentary tract being formed by ferments similar to the 
so-called digestive ferments. The distinction between digestive and tissue 
processes, even synthetic tissue processes, has grown still more indefinite 
since we have learned the influence of ferments on synthetic processes, 
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and especially since it has been actually demonstrated through the work 
of Croft Hill, Kastle and Loewenhardt and Alonzo Taylor that individ- 
ual carbohydrate, fat and protein ferments do really have the function of 
building up, as well as of breaking down—that the same ferment does 
either of these two apparently opposite things, the result being dependent 
on the conditions in which it acts, and not on the nature of the ferment 
itself. 

The profound emphasis thus laid on the importance of study of the 
conditions in which ferments act directs attention particularly to the 
exaggerated optimism that has somewhat generally, among clinicians, 
been centered on securing and using therapeutically ferments that are 
active in tissue processes. Even scientific workers have held forth allur- 
ing prospects in this connection. As a matter of fact, we can not manu- 
facture substances that are so dependent on life processes for their exist- 
ence as are tissue ferments—that often, indeed, are probably dependent 
on the unchanged structure of living protoplasm. We can not be sure 
that we shall ever be able to separate most of them in satisfactory form: 
and when we get them, as we do now, they are usually damaged and made 
more or less ineffective, often destroyed, by the processes through which 
they are put; and even if we secure them in satisfactory condition we 
have not yet obtained the slightest reliable evidence that we can, to any 
noteworthy degree, influence tissue processes by their therapeutic use. 
We even have no satisfactory evidence that their use influences digestive 
processes in the alimentary tract to any noteworthy degree. We have, 
therefore, it appears to me, excellent reasons for being very guarded 
about basing any serious hopes on the use of ferments themselves, in at- 
tempting to influence the processes in which they are normally active. 

On the other hand, what a wealth of reasonable suggestions for inter- 
esting future work is given by the fact that it is not the ferment itself, 
but the medium in which it acts, that determines so profoundly important 
a result as whether the effect is to be construction or destruction; and 
what alluring possibilities in the distant future are offered by this as to 
the possible control of nutritive processes and of disease. It is highly 
probable that it is merely a change in medium that causes previously 
existing ferments, which have been inactive, to become suddenly active 
after a pneumonic crisis, and to digest the exudate with astonishing 
rapidity. The same thing is probably true regarding the involution of 
the uterus that begins with the beginning of the puerperal state. Indeed, 
it appears to me not improbable (though entirely unproved) that in this 
instance the change occurs directly from constructive action to destruc- 
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tive, for the growth of the uterus in pregnancy is a growth, not so much, 
if at all, in the number of the cells, but merely in the amount of tissue in 
the cells. It is quite possible that in pregnancy there is a ferment-con- 
structive process, and that in the puerperium destructive work is done by 
the same ferment or ferments. 

Such things are at the present time matters largely of speculation. I 
speak of them only in that sense and mention them merely as illustrations 
of what such studies may ultimately lead us to in regard to our powers 
of controlling normal nutritive processes and disease. We already know 
great numbers of things that influence ferment processes, and it is not 
improbable that we even now have in our armamentarium things that 
have much greater powers in this regard than we at all appreciate, and 
that we may gradually learn to make proper use of these powers, if we 
proceed from the correct point of view, and not merely from blind em- 
piricism. 

One way in which it appears to me to be probable, though as yet un- 
demonstrated, that we actually do control, to some extent, the medium 
in which the ferment action takes place, is in the management of some 
of those cases in which acid intoxication occurs. The acidosis of diabetes 
appears to be largely dependent on the diet and on the inability of the 
organism to make use of carbohydrates, and it is possible that it is entire- 
ly dependent on these things, but there are numerous instances in which 
diet seems to be a factor of very little, if any, consequence in producing 
the acid intoxication that occurs as a part of the disorder—cases such as 
phosphorus poisoning and acute vellow atrophy, uremia, the recurrent 
vomiting of childhood, postanesthesia acidosis, grave anemias, and prob- 
ably the pernicious vomiting of pregnancy. A number of these disorders 
seem, from accumulating knowledge, to be associated with tissue lesions 
and with alterations in metabolism that indicate that there is an abnor- 
mal activity of the proteolytic tissue ferments, particularly in the liver, 
and that this autolysis probably produces the acid intoxication secondar- 
ily. The acid intoxication in all probability then, in its turn, increases 
the autolysis, for Hedin and Rowland and others have shown that a 
slight acidity favors autolysis. Thus it is probable that a vicious circle is 
formed, and the effects increase from their own momentum. ‘This con- 
ception is practically an application of the knowledge regarding auto- 
catalysis to pathology. Clinically, in some of these cases, direct treat- 


ment of the acid intoxication with alkalies does good, but their action is 
most uncertain and unreliable. In bringing forward the evidence that 
acid intoxication is seen in the recurrent vomiting of children, I reported 
cases in which alkalies unquestionably did great good, and I have ob- 
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served some such cases since; but the result is highly uncertain and can 
not be anticipated. It appears to me somewhat probable that what we 
actually do in some of these cases by means of alkalies is to control what- 
ever evil effects there may be as a direct result of the acid intoxication 
and, what is much more important than this, to provide a less favorable 
medium for the autolytic ferments to act in. If this is true, it is probable 
that the results are uncertain largely because the destructive changes 
that have already resulted from autolysis are so variable in their degree. 
If they have not been severe, the symptoms, no matter how severe they 
may be, will be controlled by stopping the progress of the ferment action ; 
but if severe lesions have already occurred, no matter how mild the 
symptoms may be, control of the primary condition will not control its 
already grave destructive effects. 

I have suggested another direction, also, in which it is possible that 
our study of the means of accelerating or retarding ferment action may 
have interesting clinical bearings. I have expressed the view that the z- 
ray exerts its action on the deeper-lying tissues, in part, at least, through 
influencing ferment action. This is by no means definitely proved, 
but there is some creditable evidence in favor of it. Starting with this 
conception, I have studied the effects of the x-ray in a condition in which 
our knowledge indicates that the desirable but hitherto often unattainable 
therapeutic measure is to accelerate or excite ferment action; namely, in 
unresolved pneumonia. Unquestionably the z-ray has had a very remark- 
able effect on metabolism in cases of this kind that Dr. Pemberton and I 
have studied, and there has apparently been a very strikingly good effect 
clinically on the consolidation in the cases that I have so far observed. 
My conclusions may be wrong in these instances, but I think that these 
are examples of the interest and the possible profit pertaining to system- 
atic attempts to work out practical methods of influencing tissue fer- 
ments. 

Similar studies will not improbably help us to understand the manner 
of action of things that we have already used without comprehending the 
way in which they accomplish their unquestionable effects. Unpub- 
lished observations that Dr. Caspar Miller and I have made indicate that 
the remarkable effects of mercury in acute poisoning, and probably in 
syphilis, are, partly at any rate, due to its causing increased autolysis; a 
suggestion that Dr. Flexner made publicly while we were working on this 
matter. Also some studies that I have not as yet completed, suggest that 
one way in which sunlight produces its pronounced effects on nutrition is 
through its influence on the same kinds of processes. 
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STUDY OF PROTEIN-COMPLEX. 


Closely interlaced with the investigation of the tissue ferments is the 
study of the protein-complex and the products that it yields on digestion. 
Biologie observations have made it apparent that there are differences in 
the proteins of various species that simple analytic chemical methods do 
not show. The studies of recent years have probably demonstrated what 
the most important chemical differences are. Proteins of different species 
may or may not differ in the amounts of nitrogen, hydrogen, oxygen, 
sulphur, phosphorus and other elements that they contain, but this is not 
the essential question. A Norman and a Gothic cathedral may contain 
the same amount or different amounts of stone, mortar and glass. The 
essential characteristics of the architecture of such structures are not 
determined by the total bulk of the primary substances of which they are 
made, but by the manner in which the stone and mortar and glass are 
first put together to make columns, windows and other parts of different 
forms, and by the manner in which these are then employed in complet- 
ing the whole. So in various proteins are the chemical elements first put 
together to form simple structures, the various amino acids, and these 
are then joined together in various amounts and to some extent in various 
kinds to form the different varieties of protein. Digestion consists in the 
fragmentation of the complex structures into the simpler structures. 
These latter are then put together in different amounts, and, to some 
extent, different kinds, to reconstruct the variety of protein desired. 

This entirely alters our conception of digestion. Previously we 
thought of it practically as merely the hydrolysis of protein into forms 
that are dialyzable, and the purpose appeared to be simply to get protein 
into such a state that it could pass animal membranes and get into the 
circulation. The serious subject of discussion was chiefly where and 
how the building-back into native protein occurs, for albumoses and pep- 
tones could apparently not enter the circulation, since they have toxic 
effects. Our present conception of the chief purpose of digestion is that 
it breaks down foreign protein into the parts that make up the whole, 
in order that these parts may then be used in suitable amounts in recon- 
structing protein of the structure proper in the individual that is to be 


nourished. 

It is highly probable that in abnormalities of this process of frag- 
mentation and reconstruction we shall find the causes of some nutritional 
disturbances. We are all familiar with instances of digestive disorder 
associated with more or less profound nutritional disturbance, and we 
know that the disorder of nutrition may be vastly more severe than the 
apparent disorder of digestion. I have recently described cases of infan- 
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tile atrophy and other obscure forms of emaciation in which the prote- 
olytic ferment powers of the intestine were greatly reduced—whether as 
the result of actual absence of proteolytic ferment, or because other condi- 
tions of the contents of the intestinal wall in these cases were unsuitable 
for ferment action, I do not know. In other forms of extreme emaciation 
of known causation, the ferment activities were normal. I have since 
investigated further cases that have given the same results. These observa- 
tions lend some support to the hypothesis that I have suggested, that dis- 
order in the fragmentation of the protein food or in the reconstruction 
into circulatory or tissue protein, or in both these processes, may prove to 
be the chief explanation of the nature of such conditions. 

In matters such as these we are wandering in regions that are as yet 
too little explored for us to be able to come to very definite conclusions as 
to the meaning of results that have already been obtained, and we can not 
yet ask that the practical application of this knowledge in diagnosis and 
treatment should be at all clear. We have a glimpse, however, of the pos- 
sibilities of productive work that will bear directly on our conception of 
normal and disease processes, and that will probably in time greatly 
enlarge our powers of recognizing the nature of disorders and will ulti- 
mately lead to enlarging our powers of controlling them. 

Our knowledge of the activities of ferments in the tissues and our 
present conceptions of the protein-complex and its changes in digestion 
have already entirely altered our conceptions of the nature of many 
normal tissue processes and of numerous diseases. The manner in which 
the most striking lesions are produced in phosphorus poisoning and 
acute yellow atrophy has become clear; indeed, acute yellow atrophy 
has been practically transformed from an obscure disease into no dis- 
tinct and separate disease at all, but a severe and striking stage of a 
process that occurs in varying degree in various circumstances, and 
that appears clinically to be a distinct disease only when the autolytic 
changes become so severe and progressive as to be the reigning proc- 
ess. We have reason to hope that this conception of acute yellow atrophy 
will guide us to work out clinically much more clearly the early stages 
of the condition and its exciting causes, and ultimately may help us 
to intervene effectually at a period when dangerous lesions have not 
yet occurred. I think that we may have similar hopes in such conditions 
as recurrent vomiting, probably in the pernicious vomiting of pregnancy, 
in intoxications following anesthesia and in some other disorders, distant 


though the consummation of such hopes may be. Indeed, the studies 
made by Howland and Richards, which are highly suggestive in a number 
of ways, have already furnished some important practical suggestions as 
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to what should be done and what should not be done in the avoidance of 
the intoxication following anesthesia and to some extent in the treatment 
of this condition when it has actually appeared. 


METABOLISM OF INORGANIC SUBSTANCES. 


Another broad field that is only beginning to be cultivated in an un- 
derstanding way is the metabolism of the inorganic substances found in 
the body. We know as yet very little in regard to this subject that can 
be used in any clinical way, but the remarkable researches of Jacques 
Loeb especially have led to information regarding its importance in ele- 
mentary physiologic processes, particularly in the lower forms of life. His 
work makes it evident that it must come to have highly important clinical 
relations, and the studies of Alonzo Taylor of the effects in the human 
being of a salt-free diet are sufficient evidence of the profound effects that 
alterations in salt metabolism may produce and of the clinical interest 
that attaches to investigations of the physiology and pathology of this 
question. Various other studies are likewise extremely suggestive in this 
relation and the marvelous effects of the antagonism between calcium and 
magnesium that Meltzer has demonstrated make the developments in this 
field of still more intense and immediate importance. 


CONCLUSIONS. 


The actual clinical bearing of all these things that I have mentioned 
in this latter portion of my remarks still lies chiefly in the greater breadth 
that they have given us in our conceptions of the nature of normal and 
diseased processes. Their direct bearing on such practical things as 
diagnosis and treatment is slight. But we can not ask that clear and espe- 
cially that comprehensive clinical relations should yet be evident. They 
touch so closely on the things fundamental in understanding life itself 
that to ask that their bearings shall all be made clear in the span of a 
man’s life is equal to asking that in the same period of time all the world 
shall reach that “far off divine event to which the whole creation moves.” 
But, as I have indicated, we shall be able gradually to accumulate a few 
facts here and there that will be directly available in practice if the proper 
principles are followed, even though obscurity still surrounds most of the 
details, and at any rate broad conceptions that lead to a more correct 
general line of action are, all in all, more valuable to the clinician than 
are a few detailed additions to our direct diagnostic and therapeutic 
methods, even though these additions accomplish their special purposes 
very effectually. In witness of this I would mention the great value, on 
the one hand, of a general comprehension of the influence that can be 
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exerted in the prevention and cure of many infectious diseases, for in- 
stance tuberculosis, through general measures directed toward increasing 
the resistance of bacterial growth and toxin action; and, on the other 
hand, the relatively slight importance in the general course of practice 
of those details that have been developed regarding the scientific special 
treatment of most such special infections, 

I have pictured a very incomplete and hasty view of the relations be- 
tween metabolism studies and clinical medicine. If I am criticized, as 
may readily be done, for having made my attitude toward my subject one 
of championship rather than of exposition, I would say that I have done 
this deliberately, for I feel that, in past years especially, and to a large 
extent even now, the teaching of subjects that bear on metabolism has, 
much more than is the case with most other subjects in medicine, been 
such as to give some knowledge of details and methods, but not such as 
to give a comprehension of the philosophy of metabolism studies in their 


bearing on clinical conditions 
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CANCER PROBLEMS.* 
JAMES EWING, M.D. 
NEW YORK. 
Cancer research to-day includes three separate departments : 
I. Tue Parasitic TuEory. 
Il. Tue THeory or AUTONOMY. 
Ill. Tue Mopern BrloLocic AND BlochemMic Srupy or Tumors. 


I. THE PARASITIC TITEORY. 


Since the seventeenth century, and the time of Lusitanus, medical lit- 
erature has contained numerous reports of the contagiousness of cancer. 
It has been claimed that the disease arises in epidemics: that it is in- 
creasing in frequency; that it exhibits, in certain localities, a significant 
relation to the soil and water; that it is transferred from one human 
being to another; that it may be inoculated into lower animals; while 
many have claimed to have identified the parasitic cause of its con- 
tagion. 

Endemic Occurrence of Cancer.—The observations on the endemic 
occurrence of cancer, under current discussion, relate to the discovery 
of many tumor animals in the stock of one breeder, to the frequency of 
cancer of the eyelid in certain herds of cattle (Loeb'). to some peculiar 
cases suggesting cage infection among laboratory animals (Borrell? 
Loeb,* Gaylord*) and, finally, to remarkable forms of epidemic cancer 
occurring among fish (Plehne,* Pick®). A careful examination of all 
these records shows that cancer may occur with remarkable frequency 
among aged, domesticated animals, but none of the above writers, except 
Plehne and Pick, have adduced any evidence which even strongly sug- 
gests an infectious origin of cancer. Similar evidence may be found to 
prove the infectious nature of eclampsia, diabetes, and insanity. 

Cases suggesting cage infection are extremely rare. Bashford saw 
nothing of it in his experiments with 30,000 mice housed under condi- 
tions extremely favorable for the natural transfer of any contagion in 
mouse tumors. The occurrence of several tumors among the mice of 
one breeder is explained by the fact that the great majority of these 
tumors are cancers of the breast in old females long used for breeding, 
Other suspicious cases may safely be referred to the influence of in- 
breeding, old age, and uniform reaction to environment. 


* A lecture delivered before the Harvey Society at the New York Academy of 
Medicine, Nov. 16, 1907. 
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The cancers among fish are more significant, and their origin is not 
yet entirely clear. Pick has shown that thyroid cancer in artificially 
bred salmon trout has, in one year, carried off 7 per cent. of the fish in 
the Auckland Society ‘Trout Hatchery, while Bonnett® reported as many 
as 3,000 cases in one hatchery within four months. Only the older fish, 
2 vears and over, were affected, the younger ones being practically im- 
mune. In the same hatchery one variety, Salmo fontinalis, may be 
affected, while another, S. iridescens, may be entirely exempt. Such 
facts render highly improbable any parasitic factor in the origin of this 
disease, and Pick concludes that inbreeding and the chemical peculiarities 
of the water induce, first, simple goiter in large numbers of the ani- 
mals, many of which later become cancerous. Likewise with “carp-pox” 
Plehne finds no grounds for assuming an infectious origin, but attributes 
the epidemies to the results of inbreeding and local factors which inten- 
sify the influence of heredity to a degree not seen in any other conditions 
prevailing aniong animals, 

Cancer is said to be increasing in frequency and appearing at, earlier 
periods of life, and some find herein evidence favoring the parasitic 
theory. Yet Riechelman’® has shown that in Berlin 20 per cent. of those 
dead from cancer come to autopsy without a diagnosis having been made, 
and a proportionate increase in the cases of cancer may still be expected 
from improved diagnosis. Another source of increase may probably be 
found, as shown by Newsholme,’ in the lessened mortality from infectious 
diseases, especially in infaney. 

A relation between the incidence of cancer and the character of the 
soil has been discussed by many writers. In England, Haviland® found 
the disease especially frequent on the alluvial soil along the banks of 
rivers and rare in the older limestone regions. Behla'® has recently 
brought together many interesting facts which, he believes, indicate that 
cancer is a water-borne disease. The occurrence of cancer-houses has 
been urged by Arnaudet,"! d’Arcy Power,’* and Behla,’® in favor of the 
parasitic theory. In recent years observations, impressions and argu- 
ments of this class have failed to maintain the interest they formerly 
aroused. Some of the fallacies of this line of argument have been 
clearly pointed out by Sticker™ and by Prinzing.'® 

Is Cancer Inoculable?—If cancer can be transferred from one human 
being to another, then one of the essential characters of an infectious 
process will be demonstrated. No experimental evidence is needed to 
show that a malignant tumor may often be grafted from one part of 
the patient’s body to another, since the several recognized modes of 


metastasis daily demonstrate this process. Hahn.'* Cornil’? and others 
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have needlessly performed inoculations in human beings without con- 
tributing any important scientific information, while to-day such experi- 
ments are being successfully performed on animals for legitimate objects 
in many laboratories. 

That cancer may be transferred spontaneously by contact from a 
cancerous surface to an apposed abraded or inflamed surface in the same 
subject also appears to be a fact, but the eases demonstrating such an 
event in man are extremely rare. In order to demonstrate such a trans- 
fer, it must be demanded that the transferred tumor shall exhibit a 
structure similar to that of the original, but different from that spon- 
taneously arising in the infected tissue. Epithelioma arising at the 
same point on the upper and lower lips always offers the possibility of 


the spontaneous origin of both tumors. It is extremely difficult to find 


a reported case, free from reasonable objections, demonstrating the trans- 
fer of cancer by contact of external surfaces. A typical but still uncer- 
tain instance is the case of Hartmann and Lecene'*—that of a cylindrical 
cell cancer of the uterine cervix with cylindrical cell cancerous ulcer of 
the adjacent vaginal mucosa. As the vaginal ulcer did not show the 
usual type of squamous cell epithelioma, the authors concluded that the 
growth must have been inoculated from the cervix. Yet there are sev- 
eral types of cancer of the vagina, and some, especially those of plexi- 
form arrangement, closely resemble cylindrical cell cancer. Moreover, 
the long duration of this case, four vears, offers opportunity for metas- 
tases, for which the vaginal mucosa is a common seat. Yet the recent 
results of inoculation of tumors in lower animals render it highly prob- 
able that autoinoculation by contact of mucous surfaces may oecur in 
man. One of the recognized modes of metastasis is through the passage 
of fragments of tumor along the esophagus or ureter (Butlin™) with 
implantation lower down in stomach or bladder. 

Of much greater significance is the question of the inoculability of 
cancer from one human being to another healthy subject. Here the 
element of a comparatively refractory soil is introduced. The studies 
on tumors of lower animals show that this factor is of extreme impor- 
tance, and they also show that the rules observed with one tumor and 
one animal can not be applied safely to other tumors and other animals. 
Hence the inoculability of cancer among human beings must be con- 
sidered entirely from the observations on the human subject. The in- 
variable immunity of surgeons to inoculation by the tumors on which 
they are operating has always justly stood as strong evidence that cancer 
is never spontaneously transferred from one human being to another. 
Alibert?® inoculated five human cancers on himself and his assistants 
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with negative results. I am unable to find any satisfactory report of the 
transfer of a malignant tumor from one human being to another. The 
alleged cases of infection collected by Smith and Washbourn.?! Park.** 
and Behla’* demonstrate only the dominating influence of the precon- 
ceived notions of the observers, since many essayed to prove not only the 
communicability of cancer among human beings, but the frequent trans- 
fer of the disease from man to lower animal and from lower animal to 
man. It is noteworthy that observations of this class have largely dis- 
appeared from recent literature. The inoculability of warts appears to 
have been demonstrated by Lanz,** who produced a series of warts in the 
skin of his gardener’s hand by implanting pieces of such growth taken 
from a human subject. Their genuine neoplastic nature may be doubted. 

The eases of so-called “cancer a deux” have figured prominently, 
from time to time, but in none has the contagion been conclusively 
shown. Demarquay** collected 134 cases of cancer of the penis, in only 
one of which infection by coitus appeared possible. Of the twenty-seven 
cases of such infection collected by Guelliot?* none are beyond question. 

Is Human Cancer Inoculable in Lower Animals?—Among the very 
numerous attempts to inoculate lower animals with malignant tumors 
from human subjects, there have been for many years a small proportion 
of instances where the experimenter claimed success. The vast majority 
of such experiments have undoubtedly failed. Pianese** mentions twenty 
reports of failure by as many observers in a large total of experiments. 
Many others exist in the literature, and probably still other negative re- 
sults have never been published. The alleged successful results have, 
with a few possible exceptions, not been able to meet the conditions re- 
quired for a successful demonstration. Some of the exceptions appear 
to deserve mention. 

In 1894 Boinet** inoculated sixty animals with fragments of human 
cancer, and in one case from a cancer of the penis and produced multiple 
nodules of the same histologic character in the peritoneum and along the 
spinal column. One may refuse to believe, but one can not successfully 
refute the genuineness of Dagonet’s case,** 1904, in which the intraperito- 
neal inoculation in a white rat of a comminuted epithelioma of the penis 
was followed in fifteen months by voluminous tumors of the same histo- 
logie type in the peritoneum, spleen and liver. Dagonet’s later cases (p. 
552) were less satisfactory, as the alleged tumors produced were atypical 
and of different type from that injected. Leopold** also claims to have 
transferred a malignant tumor of the human ovary by intraperitoneal 


inocr lation in a rabbit. 
Jiirgens,*® in 1896-97, was quite sure that he had succeeded in trans- 
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planting human melanomata into rabbits. Werner? transplanted a 
human carcinoma of the jaw into an old dog, and claims to have seen 
the development of a genuine malignant epithelioma at the site of in- 
oculation, with extensive metastases in the peritoneum. 

While these isolated reports are inadequate to prove the occasional 
inoculability of human cancer in lower animals, they can not safely be 
discarded as mistaken observations. Orthodox opinion was once firmly 
set against the possibility of transferring cancer among Jower animals 
of the same species. It would seem necessary, therefore, to regard the 
question of transference of human cancer to lower animals as undeter- 
mined, while urging that the weight of evidence is strongly against such 
a possibility. Metchnikoff and Griinbaum™ failed in several attempts to 
transfer human cancer to higher monkeys. 

That some cancers of lower animals may be distributed readily among 


members of the same species is one of the chief results of the recent ex- 
perimental siudy of tumors, and the subject will be reserved for consid- 
eration later. 

Certain malignant tumors having been shown to be inoculable, the 
question remains, what does this fact prove regarding the etiology of 


such tumors? The unreserved answer to this question must be that it 
proves nothing. Leyden** has ventured to claim that there is no dis- 
tinction between inoculation and infection, and that the inoculability 
of certain cancers demonstrates their infectious nature and an extrinsic 
parasitic cause. It is, however, the most patent distinction between 
tumor metastases or inoculation and known infectious diseases that the 
new growth develops from the transplanted cells, from factors inherent 
in those cells, whereas all known parasitic micro-organisms produce 
lesions in which the cells are derivatives of the host’s issue. In tubercu- 
losis the infecting agent is the tubercle bacillus, while in cancer all 
available evidence points distinctly to the cancer cell as the infecting 
agent and the homologue of the tubercle bacillus. Borrel,** a consistent 
advocate of the parasitic theory, clearly accepts this distinction, and 
admits that the inoculability of cancer proves nothing for the parasitic 
theory, but claims that the continued growth of tumor cells does not dis- 
prove the existence of a parasite apart from the cells, a contention which 
need not here be disputed. 

However important may be the studies so far reviewed for the gen- 
eral problem of the biology of tumors, it has long been evident that they 
have only a secondary and often a rather distant bearing on questions 
of etiology. 

Recognition of the inadequacy of such evidence to solve the problem 
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has always led the advocates of the parasitic theory to attempt the direct 
demonstration of the parasite of cancer. 

History of the Cancer Parasite-—The search for the caneer parasite 
has been a chaotic chapter in medical research. The investigators who 
have undertaken these studies have been of every degree of competence, 
and, inspired by the lively hope of results of sensational value, and 
guided by an imperfectly grounded theory, the majority seem to have 
substituted easy credulity for critical common sense and to have accepted 
vague suggestion as demonstrative proof. Hence it is little wonder that 
micro-organisms of every variety, according to contemporaneous inter- 
ests, have at one time or another been widely accepted as the cause of 
cancer, even by experienced authorities of the highest standing. In -the 
early nineties it appears to have been a question, not so much as to the 
infectious origin of cancer, but rather as to which of the many parasites 
was the real causative agent. 

After the discovery of the specific agents in many infectious diseases, 
especially in the infectious granulomata, several observers claimed to 
have discovered specific bacteria in malignant tumors. These claims 
were with difficulty set aside, to be succeeded by an era, still continuing, 
of search for a protozoon cause of cancer. Later arose a tendency to 
attribute to blastomycetes an etiologic relation to malignant tumors, and, 
lastly, some have urged the claims of mycetozoa. A partial list of the 
various structures or micro-organisms at one time heralded as the cancer 
parasite, with name of author and date of publication, follows: 


CANCER PARASITES. 
BACTERIA: Bacillus of Rappin.™ 1886; Scheurlen.“ 1887; Francke.“ 1888: 
Lampiasi,” 1888; Koubassof,” 1889. 
Vicrococeus neoformans, Doyen,” 1902. 
Coccip1a: Coccidium of Darier,“ 1889; Albarran,” 1889; Thoma,“ 1889: Sjob- 
ring,“ 1890. 
Coccidium sarcolytum, Adamkiewicz,“ 1892; Soudakiewitsch-Metchnikoff,” 
1892; Monsarrat,” 1905. 
Sporozoa (unclassified): Bird’s eye inclusion, Foa,“ 1891; Plimmer’s bodies, 
1892. 
Sporozoon, Ruffer,” 1892; Sawtschenko,” 1893. 
imaba-sporidium, L, Pfeiffer,* 1893. 
Rhopalocephalus carcinomatosus, Korotneft, 1893. 
Sporozoon, Kourloff,* 1894; Bose,“ 1897. 
Hematozoon, Kahane,* 1894. 
Cancriamaba macroglossia, Eisen.” 1900, 
Leydenia gemmipara, Schaudinn,” 1896, 
Intranuclear parasite, Schuller,” 1901-4. 
BLASTOMYCETES: Saccharomyces neoformans, Sanfelice.” 1896; Plimmer.” Leo- 
pold,” Roneali,* Bra.” 
Russell's fuchsin bodies.™ * 
Mucor racemosus, Schmidt," 1906, 
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Mycetozoa: Plasmodiophora brassicae, Behla,” Podwyssoski.” Feinberg,” Gay- 
lord,® Robertson and Wade.” 
Sprrocu £2T#: Gaylord,” Calkins,”, 1907. 
Cyanid-fast bodies, Robertson,” 1907. 
In reviewing this list it must not be supposed that the claims of 


these various pseudo-parasites were urged without abundant evidence 


of a certain type. Many of the observers believed they had isolated their 


micro-organisms in pure culture and had produced tumors with the cul- 
tures. The entire realm of zoology and botany was laboriously searched 
for parallel protozoon or vegetable forms, and few of the investigators 
ventured to announce their discoveries without the endorsement of some 
distinguished biologist. Many years of systematic and toilsome study 
were devoted by some observers, notably Sanfelice, to the support of their 
beliefs. One may well pause, while viewing this battleground, to ac- 
knowledge that no other problem of medical science has resisted such 
strenuous efforts directed toward its solution. 

At the present day it can not be said that much of positive value 
remains from the search for the cancer parasite. Pathologic anatomists, 
who are most occupied with the nature of the tumor process, have seldom 
actively engaged in this search on account of objections to the parasitic 
theory, and in their opinion its results have been wholly negative. No 
parasite has yet been discovered in cancer. 

The occurrence of peculiar cell inclusions in malignant tumors had 
long been known and interpreted as a feature of cell degeneration before 
the parasitic theory came into prominence. Virchow,™* among others, 
so interpreted many of these bodies and warned against the hasty conclu- 
sions regarding them by adherents of the parasitic theory. Russell’s 
fuchsin bodies were early described by Fox** and later by Klein,’® and 
Lubarsch** in 1892 showed that they are present in many normal tissues. 
Darier’s psorosperm of Paget’s disease was openly repudiated by its dis- 
coverer in 1904.77 

Among enthusiastic exponents there has never been the slightest ap- 
proach to unanimity of opinion regarding the identity of the true para- 
site, its unity or multiplicity, its position in the cytoplasm, nucleus or 
intercellular spaces, nor as to its biologic position. 

Stroebe,** reviewing the basis of the parasitic theory at the height 
of its popularity, 1894, found almost as many different parasites and 
theories as adherents of the theory, presented the views of seventeen open 
sympathizers with the theory who could not find sufficient evidence in 
its favor, abstracted the reports of many competent and some very ex- 
perienced observers who pronounced against the parasitic nature of all 
cancer bodies, and with Lubarsch pointed out a score of degenerative 
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processes in tumor cells which certainly contributed to the numerous 
class of cell inclusions, and, in all probability, fully accounted for their 
occurrence, 

By a process of attrition in the hands of friends the possible parasitic 
forms were reduced to a single body—the “bird's-eye inclusion”—first de- 
scribed by Langhans and correctly interpreted in 1886. Feinberg,” 
urged by Levden, made a final effort to detect in this body and its sup- 
posed derivative, the Russel fuchsin body, morphologic characters demon- 
strating its parasitic nature, but Feinberg’s criteria, double contour, 
nucleus surrounded by a clear zone, and metachromatism, were promptly 
and Lubarsch*® pro- 


and authoritatively discarded by O. Hertwig,? 
nounced these characters to be positive evidence of a degenerative prod- 
uct. Fea, who first cautiously emphasized the importance of the bird’s- 
eve inclusion of cancer cells, abandoned his belief in its parasitic nature 
at the Fourth International Medical Congress in Rome. 

In this condition the question of intracellular parasites in cancer 
remains to-day, and one must subscribe to the conclusion of Lubarsch,*’ 


1902 


2, that no specific micro-organism has been demonstrated in cancer 
or in any other autonomous new growth, 

In regard to the relation of mycetozoa to cancer, it must be urged 
that, according to von Tubeuf.' the histology of club-root, the disease 
of plants produced by Plasmodiophora brassica, is not that of a true 
neoplasm, the tumor resulting principally from distension and degenera- 
tion of infected cells surrounded by an area of inflammatory overgrowth ; 
that the behavior ef Plasmodiophora in plants is widely different from 
that of any suspicious structure in malignant tumors, and that the re- 
semblance between the spores of Plasmodiophora and the bird’s-eve in- 
clusion is both affirmed and denied, while a resemblance does not assure 
identity. 

With regard to blastomycetes, the researches of Busse‘? Rabino- 
witch,’ Sternberg.* Richardson,’ Nicolls,’ and many others have estab- 
lished the following conclusions : 

1. Blastomycetes are rarely cultivable from protected tumors, but 
when present and living there is no ground for supposing, as does San- 
felice, that they can not readily be demonstrated by culture. 

2. In sections of tumors, blastomyces, or structures resembling them, 
are not always present, and the identity of Plimmer’s bodies or Russell's 
fuchsin bodies with blastomyces living (Plimmer) or dead (Sanfelice) 
has not been established, but has been rendered improbable. 

3. When present in tumors the number and distribution of veasts do 


not faver the belief that they have any essential relation to the tumor, but 
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rather that they represent a secondary infection only (Mafueei and Sir- 
Meser**). 

4. Elaborate studies of yeasts from many sources have failed to show 
any that are capable of producing tumors, and few that are pathogenic 
for animals, and have fully determined that the pathogenic action 
strictly attributable to them falls within the limits of an inflammatory 
process, A possible exception to this statement may be found in the 
results of Schmidt,"* who is said to have produced a genuine malignant 
tumor by injections of a veast, Mucor racemosus. is results have not 
been verified. 

Spirochetes in Tumors.—Some interest has been excited by the dis- 
covery by Gaylord®® and Calkins"! of a single type of spirochete, in ten 
consecutive cancers of the breast, in mice obtained from three different 
localities, and in all of sixteen transplanted tumors from these strains. 
Gaylord found these organisms in the connective tissue and between 
the tumor cells of the growing edge, and he reports that the more viru- 
lent tumors contained the greater number of organisms.  Borrel** had 
previously reported the discovery of many spirochetes in two mouse tu- 
mors, without attributing to them etiologic significance, and Wenyon"" 
has shown that mice are susceptible to blood infection by spirochetes. 
Tyzzer"’ has given the clue to the interpretation of these results by find- 
ing several tumors in mice free from spirochetes, and by discovering 
large numbers of spirochetes resembling the spirochete of Gaylord in 
the organs and mediastinum of two mice dying several weeks after un- 
successful inoculations with tumors containing spirochetes, 

In human cancers Mulzer*? and Lowenthal** found spirochetes on 
ulcerating surfaces. Ina series of thirty-five human tumors and twenty- 
five in the dog, [ have found spirochetes only on ulcerated surfaces or in 
necrotic areas. By treating their tumor growths with KCN Gaylord 
and Clowes have succeeded in passing their infected mouse cancers 
through several generations entirely free from spirochetes. It appears, 
therefore, that spiral organisms must be added to the list of occasional 
saprophytes occurring in tumors. 

Acknowledging complete failure to discover a specific parasite in 
cancer, some exponents of the parasitic theory are endeavoring to sup- 
port the theory by collateral evidence, which is largely histologic. This 
interesting line of inquiry is, in the minds of many, a promising field, 
and it must be admitted that its evidence is far more direct than that 
derived from observations on the general occurrence of cancer. The re- 
sults of this work are effectively presented by Borrel.** 


It has been shown that the cell inclusions of cancer have homologu S 
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in many other diseases which are highly infectious. According to Borrel, 
the psorosperm of Darier,*' the cancer inclusions of the common types, 
the vaccine bodies of Guarnieri,®* the intracellular bodies of molluscum 
contagiosum, and those described in clavelée by Bosc,® in the contagious 
epithelioma of birds by Michaelis,®* in carp-pox by Lowenthal,” and in 
trachoma by Halberstiidter and Prowazek,** are all cellular degenerative 
products which, however, are specific for these diseases and indicate a 
common type of etiologic agent. The real infecting agent Borrel®® be- 
lieves he may have discovered in the contagious epithelioma of birds in 
the form of a congeries of minute cocci staining by Loeffler’s flagellar 
method and forming a mass lying beside the specific cell inclusion. Lip- 
shiitz'’® has described the same minute bodies in the filterable virus of 
molluscum contagiosum, and Burnett'™ in a human case, while Borrel'®* 
identifies them in vaccinia. 

It is too early to draw conclusions regarding the significance for the 
contagious epithelioses of these interesting observations, but there need 
be no hesitation in pointing out the fundamental differences between the 
contagious epithelioses and true cancers. Besides the patent differences 
in gross and microscopic appearance of the lesions, in the clinical courses 
which vary from malignant variola to a chronic cancer lasting for many 
years, in the immunity promptly established in the epithelioses, and in 
the filterability of their viruses, all the infectious epithelial processes 
lack that capacity for limitless infiltrative growth which is just the es- 
sential and mysterious feature of malignant tumors. To assume a rela- 
tion between cancer and any of these contagious epithelioses is to intro- 
duce an ill-founded hypothesis, which renders extremely uncertain the 
value of results obtained in this field. 

It is not necessary, however, to deny all relation between parasites 
and malignant tumors. In one sense certain well-known micro-organisms 
seem to act as indirect exciting agents of tumors. One of the most 
important facts in the etiology of tumors is that many malignant neo- 
plasms develop after long-continued inflammation which is caused by 
external irritants or parasitic micro-organisms. Inflammatory hyper- 
plasia passes by insensible gradations into a neoplastic growth. Epi- 
thelioma of mucocutaneous junctions is usually the sequel of chronic 
irritation; cancer of the breast is generally preceded by chronic mas- 


titis; hypernephroma often by renal calculus; cancer of the stomach 
by simple ulcer. Considering the frequent development of epithelioma 
after lupus or tuberculosis of the skin, and of sarcomatoid hyperplasias 
of lymph nodes in tuberculosis, it might be said that the tubercle bacillus 
is in one sense a cancer parasite, since in some cases it has a special ten- 
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dency to induce neoplastic hyperplasia. But at some point in the course 
of the cellular hyperplasma the tubercle bacillus gradually or suddenly 
disappears from the field and the tumor process continues from its own 
intrinsic forces. In the same way Spirochata pallida seems to have a 
peculiar tendency to favor the development of epithelioma of the tongue 
after syphilitic psoriasis, but the spirochete does not follow the invading 
epithelial cells. 

In the lower animals there are examples of neoplasms in which the 
continued presence of a parasite is more essential to the progress of the 
tumor, as in the coccidiosis of the rabbit’s liver, in the vesical cancer 
following Bilharzia disease, and in the tumor-like processes produced ex- 
perimentally by certain yeasts (Schmitt). 

In none of these conditions does the parasite seem to act directly in 
producing the tumor as it does in causing its specific inflammatory reac- 
tion, but the tumor develops as a late sequela, from secondary factors 
set up by the long continued growth of the parasite. Adenoma of the 
liver follows coccidiosis only after protracted distension of the bile ducts. 

Now it is fully recognized that the initiation of a tumor process is 
an entirely separate problem from its perpetuation when once established. 
We already know of many external irritants and micro-organisms which 
are concerned with the inception of tumors, but human ingenuity has so 
far failed to find any trace of an external irritant or parasite continuing 
throughout the course of a malignant neoplasm. 

These considerations would lead one to conclude that external irri- 
tants and parasites are concerned only with the inception of tumors, and 
then indirectly; they suggest that certain irritants and parasites may be 
peculiarly effective in producing tumors; they suggest that in some tu- 
mors, especially in lower animals, neoplastic hyperplasia may depend in 
varying degrees on cellular irritants; they leave the way open for the 
discovery of new irritants and parasites concerned with the beginnings 
of tumors; but they shut the door against the theory of a special cancer 
parasite and of the necessity of a continuous irritant propagated by a 
miero-erganism throughout the course of a malignant tumor. 


II. THE THEORY OF CELL AUTONOMY. 


The theory of cell autonomy is the product of the best thought on 
the nature of tumors, and in the minds of many offers a virtual solution 
of the problem. It is a growth from many sources and is greater than 
the mind of any one contributor to it, being firmly founded on the sum 
total of clinical observations and supported by assured principles drawn 
from many collateral sciences. It is not a finished theory, but has an 
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ever-broadening scope determined by the progress of the sciences on 
which it is founded, 

It is not a popular theory, being difficult of comprehension in many 
of its phases, requiring concentrated study for its full understanding, 
and long familiarity for the proper appreciation of its force. The longer 
one studies it the more satisfactory it becomes, and this conviction lies 
at the bottom of the antagonism which pathologic anatomists feel for any 
theory or research which ignores its significance. 

The germ of the theory of cell autonomy appeared in the studies of 
Remak' and Thiersch who traced the antagonistic relation of epi- 
thelium and connective tissue throughout embryona! development and 
detected its significance for the problem of cancer. Epithelium seemed 
to be everywhere the dominating embryonal tissue, and in the formation 
of organs seemed to cease growing when it met sufficient resistance from 
the connective tissues. Thiersch found in the weakening of membrana 
propria and stroma in the atrophving breast a relief of tension capable 
of reawakening the formative tendencies of gland cells, with their longer 
span of vital activity, and thus cancer developed. The decay of the con- 
nective tissues he regarded as senile involution and the growth of cells 
as degenerative proliferation. 

The idea of cell autonomy appears more clearly in Cohnheim’s theory. 
The groundwork of this theory had been laid many vears before in the 
observations of Lobstein,® Remak, Thiersch, and Waldever.* and the 
theory was first definitely stated by Durante,’ who in 1871 demonstrated 
that the cells of pigmented moles giving rise to malignant sarcomata 
are of embryonal type, wheace he concluded that all tumors arose from 
embryonal cells. Cohnheim® in 1874 collected many facts regarding the 
large class of mixed and heterologous tumors, contending that they arise 
from masses of complex or simple tissue misplaced during embrvonal de- 
velopment. Cohnheim believed that tumors also develop from small 
groups of cells which have retained their embrvonal characters, but need 
not necessarily be misplaced. The idea of the embryonal character of 
the cells appeared to him essential. He believed that most of the em- 
brvonal cells result from over-production, chiefly at the period when the 
definite rudiments of the viscera are being formed from the germ lavers, 
and he suggested that the superfluous cells were either distributed 
throughout the tissues or were gathered in groups at certain points, such 
as the mucocutaneous junctions. The sudden development of the cells 
into tumors he referred chietly to changes in the blood supply. 

The entire group of mixed tumors and the simple heterologous 


growths illustrate the basis of Cohnheim’s theory. When one explores 
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the group of teratomata there seem to be all transition stages from the 
complex sacral teratoma containing parts of the gastrointestinal tract, 
respiratory and nervous systems, up to abortive parasitic implantations 
containing parts of organs or limbs, and even up to such phenomena as 
the Siamese twins. Likewise, when one passes downward through the 
complex heterologous tumors of the parotid to the simple heterologous 
growths which arise from small groups of cells misplaced in later em- 
brvonal life, such as adenoma of a supernumerary breast, it seems but a 
step to regard carcinoma of the breast as arising from embryonal cells, 
misplaced or not, and the conception arises that the whole question of 
tumor growth is one of the mechanics of development. According to 
both Critzmann? and Beard,* the entire history of oncology from cancer 
to twins is explained by the inclusion at various times and to various de- 
grees of one egg cell or primary germ cell in another. 

Cohnheim’s theory had two principal deficiencies. It assumed the 
existence of embryonal cells where they can not be demonstrated, and it 
failed to explain satisfactorily why the embryonal cells suddenly start on 
their neoplastic course. Later discussion has abandoned the hypothesis 
of embrvonal cells as a necessary basis of tumors, and has endeavored to 
explain on other grounds why certain cells begin to multiply. Yet on- 
cology still bears, and always must carry, the stamp impressed by the dis- 
covery of the fact that embrvonal cells possess in unusual degree the es- 
sential factors in tumor development. 

The majority of tumors, however, in fact, the most malignant, do not, 
so far as is known, grow from embryonal cells. On the contrary, there 
is good reason to believe that many tumors develop from adult. cells. 
Yet, while the English commission has elaborately shown that cancer 
throughout the animal kingdom is pre-eminently a disease of old age. 
many embryonal tumors develop late in life. To account for the limit- 
less growth of adult cells the theory of cell autonomy introduces the con- 
ception of tissue tension, which has been most fully stated by Ribbert."" 

Ribbert endeavors to explain the development of tumors solely by 
the removal of certain cells from the influence of tissue tension by which 
their growth is normally restrained. He abandons Cohnheim’s theory 
that the disturbed cells must be embryonal, claiming that the regenera- 
tive capacities of adult cells are quite sufficient to account for all the 
characters of malignant neoplasms. He has laboriously endeavored to 
produce tumors experimentally by separating adult cells from their con- 
nections, but without definite success, and he brings evidence to show 
that the inflammatory growth of connective tissue separating epithelial 


cells is the usual method of freeing from tissue tension the cells which 
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go on to develop tumors. In psoriasis of the tongue and early adeno- 
carcinoma of the stomach he finds fibroblasts growing between the epi- 
thelial cells and snaring them off from their normal connections. In 
this form Ribbert’s theory is supported by a host of observations. In- 
deed, as the misplacement of adult cells must be very frequent, Ribbert 
fails to explain why tumors are not more numerous, and in the minds 
of many he inadequately provides for the particular forces precipitating 
the misplaced cells into the malignant process. He also failed to explain 
the frequent development of malignant tumors where no such displace- 
ment can be supposed to exist, and he ignored the fact, pointed out by 
Hansemann, that cells which seem to remain in their proper relations 
may still show the morphology of tumor cells. 

Recently Ribbert has modified and expanded his views in important 
directions. He abandons the idea that the cells must necessarily be mis- 
placed, holding that cellular changes in the supporting connective tissue 
are sufficient to disturb the physiology of epithelium and incite a tumor 
process. Studying early carcinomata, he emphasizes the importance of 
the precancerous stage. Here the initial change is a proliferation of 
subepithelial fibroblasts, with the production of new tissue which dis- 
turbs the tension between epithelium and connective tissue. This pro- 
liferation is of inflammatory origin and may be referable to irritation by 
metabolic products or secretions of the epithelium. The epithelium then 
reacts, also by proliferation, but the growth follows the analogy of nor- 
mal gland formation, while, owing to a process of adaptation to the ab- 
normal environment and loss of function, the atypical structure of cancer 
results. 

According to Ribbert, tumors grow out of their own cells exclusively, 
never from the cells in contact with them, and since at all recognizable 
stages the tumor cell series is isolated, it follows that the cells of origin 
are isolated. To account for the primary segregation of the originating 
cells, he accepts all the known forms of separation of cell groups during 
embryonal life. The observations of Borrmann,™ Meyer,’* Lubarsch™ 
and others have shown that foci of isolated superfluous cells are vastly 
more frequent than was ever imagined in Cohnheim’s day. He also ap- 
propriates a large number of structural anomalies without displacement 
of cells, which may be explained by reference to the history of phylo- 
genetic and ontogenetic development. The peculiar locations and struc- 
ture of a large number of tumors suggest spasmodic reversions to the 
anatomic conditions of prehistoric man or of other, once more closely 


related, animal species. 
Thus, the fusion of multiple reniculi, in phylogenetic development ; 
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the coalescence of multiple uteri and breasts; the reduction in length of 
stomach, intestine, appendix and colon; the loss of lymphoid tissue in 
the relatively narrow human cecum, and of the elimination of hair and 
sebaceous follicles in the face, ete., all lay a significant foundation for 
the atavistic growth of tumors in many organs. It would be a pity if 
the comprehensive view of the etiology of tumors which is revealed in 
the phylogeny and ontogeny of the human body were destined to be re- 
placed by the crude conception of an invading parasite. 

On this broad basis of embryonal misplacements, developmental his- 
tory, and suppressed potencies, the theory of cell autonomy proceeds to 
consider the neoplastic growth of predisposed cells. In order to appre- 
ciate how far the theory can explain malignant tumors, one must examine 
more closely the factors entering into the conception of tissue tension. 

Conception of Tissue Tension.—All the forces which control the 
multiplication of tissue cells and maintain the tissue in a physiologic 
condition are included in the idea of tissue tension. At least four such 
factors are known, three of which are recognizable as physical forces. 
while the fourth, more complex, can not be wholly identified as purely 
physical. These factors are: 

1. Mechanical pressure of cells on each other. 

2. The influence of specialized functions. 

3. The distribution of nutriment. 
Organization. 
Under each of these heads belong important contributions to the 


theory of cell autonomy. 

Mechanical Pressure of Cells on Each Other.—The theory of Thiersch 
emphasized the importance of the mechanical restraint of epithelium by 
the supporting connective tissue. This theory deals with one of the fac- 
tors which may often favor the growth of tumors, but it is obviously in- 
capable of being extended to all tumors or to adequately account for any. 
Mechanical pressure is a powerful factor in the spontaneous regression 
of tumors. Regressing tumors are usually surrounded by a connective 
tissue capsule, and Loeb’* found that when he excised a portion of such 
a regressing tumor in a rat and replanted it in the same animal it imme- 
diately began to grow rapidly. 

Influence of Specialized Functions.—The energies of cells are nor- 
mally divided between proliferation and specialized function, between 
work and growth, both being limited by blood supply. In most organs 
certain groups of cells are set apart for growth, and from these are de- 


rived the more specialized functionating cells. Examples are the germ 
center cells of lymph nodes, the cells at the bases of intestinal villi, and 
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the basal cells of the epidermis, and it is just from these cells, subject 
to marked variations of the demands for growth, that tumors arise. It 
is clear that deficient demands for function on the part of derived cells 
would leave their energies unconsumed and further available for growth. 
These conditions surround the inception of cancer in the atrophying 
breast. Adami'® has ably presented the general importance of this point 
of view, designating the tumor process as the cumulative “habit. of 
growth replacing the habit of work.” 

It may be objected that there is no warrant for the assumption that 
actively functionating cells can suddenly turn their energies into growth. 
Yet the fact that they do so is prominent in the history of tumors, as in 
the carcinomatous changes in the actively functionating goiter and in 
many instances of inflammatory hyperplasia becoming neoplastic. 

Oertel'® has pointed out that excessive activity of one function is 
observed in degenerating cells, as in the paralytic hypersecretion of 
glands, and in the excessive secretion of bile in degenerating liver cells. 
He claims to have traced the development of cancer of the liver from 
degenerating liver cells, and justly supposes that if the specialized fune- 
tions of degenerating cells may be performed in excess, then an excessive 
capacity for growth may be expected in such cells. His theory that 
tumor growth is a form of cellular degeneration has been held by 
Thiersch and Benecke,"* is supported by many peculiarities in the history 
of tumors, and is a valuable working hypothesis. 

Distribution of Nutriment.—A vast number of clinical and experi- 
mental studies has established the importance of blood supply both for 
the inception and progress of tumor growth and for the physiologic pro- 
liferation of cells. It is true that hyperemia alone does not explain tu- 
mors, but nutrition is one of the important elements in tissue tension, 
and when its distribution is disturbed one of the essential factors of 
tumor growth is provided, An explanation of the excessive capacity of 
tumor cells to absorb nutriment would unravel a great mystery in the 
physiology of neoplasms. An extremely important bearing of this factor 
has been found by L. Pick'* in the relation of corpus luteum secretion 
to chorioepithelioma. In 1895 Marchand'® found that in a large pro- 
portion of cases of this very malignant tumor both ovaries show hyper- 
plasia and evstic distension of the corpora lutea. It has been shown ex- 
perimentally by Fraenkel*® that the persistence of corpus luteum cells is 
essential to the development of the placenta, and the conclusion at once 
arises that excessive activity of these cells is responsible for the destruc- 
tive proliferation of the chorionic epithelium. Here we have an instance 


of a specific internal secretion presiding over the growth of an organ 
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and its excessive production associated with a malignant tumor of that 
organ. It has been objected that evstic ovaries are not always found with 
chorioepithelioma, but the theory need not fall on that account, while 
Patellani*’ finds that up to 1905, 91 per cent. of the fully reported cases 
of chorioma were associated with bilateral evystic ovaries. 

The theory of specific internal secretions presiding over the nutrition 
of specific tissues has, possibly, a wide application in physiology, and this 
theory, combined with that of Cohnheim, with which it ranks in impor- 
tance, may be found to cover a large group of malignant tumors. Ehrlich 
has applied the theory of a specific nutritive substance, not itself the nu- 
tritive molecule, but presiding over nutrition, to explain the interesting 
results of his zigzag transplantation of mouse tumors from mouse Co rat 
and back. 

Organization.—The most important element in tissue tension is that 
designated as organization. This is itself a complex conception, but in 
it we approach most closely to the true meaning of normal and of tumor 
growth, and here is found the most hope that a final explanation of the 
tumor process may be attained. 

If the head and several segments of an earth worm are cut off, the 
hody regenerates a head. If the leg of a crustacean breaks off, a new 
leg is regenerated at or near the breaking joint. If the head of a flat 
worm is cut off and the stump split for a short distance down the middle, 
two heads develop, if the split ends are held apart, but only one if the 


split ends coalesce. If the head of an earth worm is cut off. a new head 


develops, but if the severed head is immediately replaced it unites, no 
new head is regenerated and regeneration is suppressed. 

If one removes the crystalline lens in Triton, the upper edge of the 
iris regenerates a lens: if the iris is removed, the chorioid regenerates a 
lens; if the chorioid is removed, the retina forms a lens. Three different 
specialized tissues develop a lens under the influence of a purposeful or- 
ganization, Any part of the Begonia plant reproduces the entire plant, 
and a severed leaf of the flowering plant proceeds at once to produce 
flowers. If a severed branch of the hydroid, anfennularia, is suspended 
in water, tip uppermost, twigs develop above, roots below, but if it is 
suspended tip dewnward, twigs replace the roots above and roots the 
twigs below. This hydroid possesses a certain polarity of organization 
which is slowly alterable by gravity. Tissue cells also possess a polarity 
of organization, especially lining epithelial cells, and it would be an 
interesting study to trace the influence of disturbed polarity in the in- 
ception of tumor processes, 

Throughout these and many other experiments in the mechanics of 
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development it is evident that regeneration is controlled by the organi- 
zation, and this, as Morgan** claims, can be defined only in terms of 
purpose, and can not be wholly resolved into any known physical forces. 

Now, a tumor can be defined only in terms of purpose. All the 
features of a malignant neoplasm are exhibited by the normal decidua, 
even to the destructive invasion of organs and cachexia, but the process 
is not a tumor because of its purpose. Routine tumor diagnosis con- 
stantly involves the recognition of this fact, if errors are safely avoided. 
All of the above observations display, in clearer light, the meaning of 
the loss of organization in the regenerative processes in tumors. Yet 
experimental morphology has so far signally failed to elucidate the 
reason for the loss of organization in tumors. Much more definite re- 
sults have followed from the study of cellular processes in development 
and regeneration. 

The dividing embryo, up to the sixteen-cell stage, in some animals 
yields cells, any one of which, if separated from the others, is capable of 
producing an entire embryo. Beyond this stage, and usually before it is 
reached, the cells become differentiated, different cell groups going to 
produce different specific tissues. According to Weigert** and Roux,** this 
differentiation results from an unequal division among the cells of the 
properties of the mother cells, eventually of the ovum, under the influ- 
ence of an inherent internal impulse of the mother cell. Here again 
in the cellular processes of development is encountered the purposeful 
force of organization. As the tissues are differentiated in the embryo, 
owing to the unequal distribution of qualities or potencies, some cells 
come to possess more of one type and others more of another, while the 
sum total of the potencies of all types is necessary to maintain the equi- 
librium of the organization. Any alteration, as in the number of one 
tvpe of cell, must necessarily affect all other types in the organization, if 
there is to be equilibrium. Hence, the cells, tissues and organs stand in 
a relation of antagonism or correlation necessary to maintain the equilib- 
rium of organization, any change in one affecting more or less all the 
others. This interdependence has been called by Hansemann the altru- 
ism of the cells. Removal of one kidney is followed by compensatory 
hypertrophy of the other through the physical factors of increased urea 
in the blood, increased blood supply and nervous stimulus, all acting 
harmoniously under the influence of the organization. There is altru- 
istic hypertrophy of many bones following destruction of the hypophysis 
in acromegaly, and altruistic atrophy of the adrenal in anencephalic 
monsters. A definite chemical substance conveying this altruistic influ- 


ence may be found in the corpus luteum secretion which controls the 
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growth of the chorion. The influence of the altruism of the tissues must 
be included in the conception of tissue tension. 

Consideration of the internal processes in cell division also has im- 
portant bearing on the question of organization and tumor growth. As 
long as the cells multiply by normal mitosis, and each stage of differen- 
tiation in one group is accompanied by equivalent antagonistic qualities 
in others, equilibrium is maintained. But if from the altered condi- 
tions occurring in inflammation, chemical or mechanical factors derange 
the mitotic process, single chromosomes may be destroyed, the resulting 
cells will not receive the ancestral qualities in normal proportion, and a 
new biologic type will result which will not have the proper antagonists 
to balance it. Such cells will then be thrown out of the organization, 
and if their posterity suffer the same disturbance of the mitotic process 
they will eventually fail to receive any restraining influence whatever 
from the organization, 

By such a process the theory of cell autonomy supposes that malig- 
nant tumor cells develop. But, before accepting any of these hypotheses, 
it must be demanded that tumors show some tangible evidence in support 
of them. Such evidence is by no means wanting. 

The general history of malignant tumors is most consistent with the 
view that they represent aberrant tissues which have lost the control of 
the organization. Especially when the influence of all the factors in tis- 
sue tension which controls the growth of cells is considered, a moral cer- 
tainty is established that the theory of cell autonomy is substantially 
correct and adequate. 

The study of cell division under many conditions offers strong sup- 
port to the theory. Hertwig?® has shown that by means of an external 
chemical stimulus by chloral hydrate a beginning mitosis may be sup- 
pressed and the nucleus return to the resting stage. When mitosis oc- 
curs later in such a cell it divides into four instead of two daughter cells. 
Hansemann’s studies of tumor cells show that unequal, asymmetrical 
and multipolar mitosis and destruction of chromosomes is of frequent 
occurrence, especially in the more malignant tumors. Hansemann*® 
applies the term anaplasia to the condition of such cells, and these ap- 
pearances may now be understood as signifying loss of normal differen- 
tiation, specific function and organization. Anaplastic cells are, there- 
fore, not embryonal cells, but a new type which have lost their place in 
the old organization. More or less anaplastic celis, with irregular mitosis, 
occur also in inflammatory processes, but this fact does not affect their 
significance in tumors. There are all grades of anaplasia as of malig- 


nancy of tumors; inflammatory hyperplasia passes gradually into neo- 
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plastic, and the fully anaplastic cell, capable of excessive growth, appears 
to be limited to malignant tumors. 

In still another relation the study of cell division in tumors seems 
to have important bearing on the nature of the tumor process. In some 
animals the entire series of sexual cells, from the fertilized ovum up 
to the new egg cell, have been traced without a break. In this series 
the mitotic nucleus exhibits only one-half the number of chromosomes 
found in the somatic or general body cells, and these chromosomes, in- 
stead of assuming a V shape and radial arrangement, and splitting 
lengthwise in the monaster, are ring- or loop-shaped or composed of four 
coarse granules arranged in the long axis of the spindle. In higher ani- 
mals the sexual cells are derived from the somatic cells by the gradual! 
appearance of this type of mitosis, called “heterotype” or “gametogen- 
ous.” These cells have very important altruistic relations in the organ- 
ism, and in some insects their loss or the completion of their function en- 
tails death. Moreover, the sexual tissues may act as parasitic elements 
invading and destroying the somatic tissue as in the embryo sac in the 
ovule of a flowering plant, or as the svnevtial cells in man. 

Recently Farmer, Moore and Walker*? have followed the development 
of heterotypic mitosis in the growing edges of epithelioma, and have 
found that this type of mitosis is common in this and other malignant 
tumors. Since tumor cells do not produce true sexual tissues, they apply 
the term gametoid to these mitoses in neoplasms. These observations 
support the view that tumor cells constitute a specific biologic series. 
Hansemann** claims priority in this conception, asserting that the same 
general ground is covered in his observations on mitosis in anaplastic 
cells. The two views have much in common and relate to identical ob- 
jects, but Farmer, Moore and Walker have taken one abnormal tvpe of 
mitosis in tumors and attributed to it an entirely different significances 
from anything which | can find in Hansemann’s interpretation. 

The cause of gametoid mitosis is still to be determined. Chemical 
irritants are able to produce it in plants, and Farmer, Moore and Walker 
attribute it to chronic irritation and other stimuli known to favor the 
development of tumors. Whatever its origin, observation teaches that it 
is chiefly found in anaplastic, lawlessly growing cells. Many criticisms of 
these hypotheses have succeeded in showing that tumor cells are not, be- 
cause of their gametoid mitosis, equivalent to sexual cells, but they have 
not, | think, reduced the general significance of the fact that tumor 
cells and sexual cells now have three known common properties, heter- 


otvpic mitosis, destructive invasive properties, and striking altruistic 


relations. 
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The theory of cell autonomy claims, therefore, to have established 
the existence of a specific tvpe of cell in malignant tumors, exhibiting 
the abnormal physiology and the peculiar morphology of anaplasia. The 
crucial question is whether the limitless power of growth of these cells 
has been explained satisfactorily. Ribbert emphatically insists that no 
unusual power of proliferation exists in cancer cells, that these cells 
freed from the restraints of tissue tension are merely exhibiting the 
powers of growth with which they are endowed from the ovum. He 
claims that there is no such thing as a malignant tumor cell endowed 
with new and prodigious capacity for multiplication, but that tumor 
cells and their normal progenitors are alike in this respect. in this view 
he is supported by Weigert and Roux, who claim’ that the regenerative 
capacities of cells are determined from the moment of their derivation 
from the ovum and can never be increased by any external stimulus, al- 
though they are constantly restrained by the organization. In one sense, 
it is difficult to escape from the conclusions of Weigert and Roux, since 
it is the fertilization of the ovum which endows it with the particular 
organization and regenerative powers necessary to produce the adult 
organism, while fertilization of the new sexual cells is again necessary 
before new regenerative powers arise and produce a new organism.  Ree- 
ognition of this difficulty has led many to suppose that tumor cells are 
really fertilized cells, through conjugation with leucocytes (Klebs**), or 
by some form of parthenogenesis (Waldever®’), or by conjugation of en 
dothelium and fibroblasts (Recklinghausen*'), or by nuclear conjugation 
of equivalent cells (Auerbach,*? Bashford®), or by endogenous cell infee- 
tion (Schleich**). 

All observers have not accepted the Weigert-Roux hypothesis. —Lu- 
barsch finds it incompatible with the facts of metastases of malignant 
tumors, and claims that external stimuli may induce an enormous in- 
crease in the regenerative capacities of cells. It might be supposed that 
the excessive growth of tumor cells is merely an expression of an excess 
of regenerative power produced from the ovum as an increment of safety, 
in the sense of Meltzer” But tumor growth far surpasses any limit of 
safety. Ehrlich®* has computed the enormous bulk of mouse tumor 
which has been produced from cells of the Jensen strain, and it is con- 
ceivable that most of the earth’s nitrogen might be converted into mouse 
tumor if only there were enough cancer laboratories. R. Hertwig.? J. 
Loeb.’ Calkins” Schucking*’ and others have shown that the growth of 
cells, protozoon and metazoon, may be enormously increased by changes 


in the environment, and their observations as well as the history of 
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tumor growth speak, in the judgment of many, against the Weigert-Roux 
theory. 

The organized regenerative properties of tissue cells are truly de- 
termined in the fertilized ovum, but the mere power of multiplication 
without organization is subject to infinite variations from the influence 
of the environment, and, as has already been shown objectively, tumor 
cells may apparently grow forever. 

We see, therefore, that the growth of tissue cells is normally con- 
trolled by the organization, that these cells possess regenerative powers 
greatly in excess of ordinary needs in order to meet extraordinary and 
accidental requirements, and that cells exhibit, in response to certain 
external conditions which some call stimuli, enormous grades of prolif- 
erative capacity. Why limitless growth should be such a striking char- 
acteristic of anaplastic cells which have lost the control of the organiza- 
tion we may not fully understand, but we can observe it as a fact. 

The theory of cell autonomy, therefore, seems to adequately account 
for the phenomenal growth of tumors. It may be necessary to provide 
an external stimulus, but this necessity is not clearly apparent. So far 
as we know, the limitless capacity of tumor cells to absorb nutriment and 
grow may be an essential property of the protoplasm and organization 
of tumor cells, and beyond this descriptive knowledge we may not hope 
to penctrate. 

Is the parasitic theory a valid possibility? An important bearing of 
this discussion lies in the fact that it opens the way for the parasitic 
theory, which, according to the Weigert-Roux hypothesis, is not a valid 
possibility. 

In the light of the facts illustrating cell autonomy, we may consider, 
finally, to what extent the action of parasites in tumors can be regarded 
as possible. Abandoning all claims to the demonstration of a cancer 
parasite, it is maintained that a parasite is the only form of external 
stimulus that can account for the growth of tumor cells. The question 
is a very narrow one and admits of no obscurity. Can a parasite, grow- 
ing with or within tumor cells, account for their lawless growth through 
endless generations, with the full preservation of their nutrition and 
vitality? It must be admitted that when the theory of an external 
stimulus is allowed, the possibility that this stimulus comes from para- 
sites is also accepted. That a cancer parasite is a logical possibility must 
he acknowledged freely. We can not argue it out of existence from the 
nature of the tumor process. It may be shown, however, that it is un- 
necessary, unsupported by analogy, and inconsistent with the history of 


most tumors. 
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Fig. 1.—Thyroid carcinoma of trout (after Pick 
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Fie. 5.—Cancriameba macroglossia (after Eisen). A. ¢., Amerba. 4. n., 
Nucleus of ameba. Ep. 1-6, Epithelial cells. Ep. d., Destroyed epithelinm 
. 


Fig. 6. -Schuller’s intranuclear parasite of carcinoma and sarcoma. Lter- 
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Fig, &—Intracellular bodies in the ‘contagious epithelioses” (Photo by 
Leopold Jaches, (1) Cancer bodies (after Sawtschenko }. (2) Molluseum eon 
taviosum. (3) Vaecine body Klaatsch preparation of rat's cornea (photo 
vraph of drawing). (4) Measles; intracellular bodies of cutaneous epithelium. 
5) Clavellé (after Bose). (6) Trachoma (after Halberstiidter and Prowazek 
(7) Negri bodies of rabies (after Williams and Lowden) 8S) Contagious epithe 
lioma of birds (after Michaelis). 
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Fig. 10.—Epithelial tumor in car of rat. Acari in Malpighian tissue (atcer 
sorrel). 
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Fig. 11.—Beginning epithelioma of lip. Thickened epithelial papille over a 
laver of dense cellular infiltration (after Ribbert). 


Fig. 12.—Choriocarcinoma, with bilateral cystic ovaries. 
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Fig. 14.—Regeneration in a planarian. A, Lines of section. DB. Regeneration 
when divided ends coalesce. C. When divided ends are held apart. (After Mor 
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Fig. 15.—-Reyveneration in Antennularia (after Morgan). A, Normal growth. 
I, Growth of transplanted stem in upright position. C, In inverted position. 


In oblique positions. F, In horizontal position. 


Fig. li.—Achimenes Haageana. A leat-cutting of a plant in tlower. The new 


plant, regenerating at base of leaf-stalk, proceeded at once to produce a tlower 
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Fig. 17—Regeneration of crystalline Jens in triton (after Morgan). 
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Fig. 1S.—Heterotype nitosis 


Fig. 10.—Conjugation of resting nuclei, The two nuclei of adjoining cells are 
continuous by means of a narrow tube-like neck through the cell wall. Note 


darkly-stained ameboid nuclei in upper part of section (after Bashford ). 


Fig. 20—Adenoma of aberrant thyroid in dura mater, Case of Dr. F. M. 
Jetlries. 
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When one considers the importance of Cohnheim’s discovery of the 
embryonal character of the cells of origin of many tumors, the evolution- 
ary significance of neoplasms, the influence of specific substances presid- 
ing over nutrition and growth of many tissues, the general altruistic re- 
lations of cells and organs, the enormous regenerative capacities of me- 
chanically-injured cells in man and lower animals, the conclusion slowly 
but inevitably results that the destructive growth of tumor cells is ade- 
quately explained by the theory of tissue tension and cell autonomy, and 
that a parasite is unnecessary. 

When one starts out to find in nature an analogue for the cancer par- 
asite which, instead of destroying its host, stimulates its nutrition and 
vitality, one fails to find any example of such a form of parasitism, and 
one must eventually subscribe to the second conclusion of Lubarsch that 
nowhere in the animal or vegetable kingdoms exists any analogy for the 
cancer parasite. 

In many details the parasitic theory is inconsistent with the history 
of tumors and tumor metastases. For the extensive group of teratomata 
and of mixed tumors of organoid character it is definitely inapplicable, 
since these growths exhibit the natural development of embryonal tis- 
sues, and if this is parasitic, then, as Wilms** points out, the whole 
course of embryologic development must be of parasitic origin. In a 
metastasis from an ovarian teratoma Lubarsch*! found brain tissue and 
ependyma in orderly arrangement. The atavistic nature of chorioma 
of the testis is unmistakable. Metastases are not always simple embolic 
groups of growing cells. Many of them are distinctly organoid in char- 
acter, maintaining definite polarity in cell arrangement, and functionat- 
ing as organs. Strictly comparable with the simple heterologous tumors 
are the aberrant adenomata of the thyroid, which Ribbert believes can 
only be explained as the result of emboli of normal thyroid cells. 

Multiple enchondromata of the epiphyseal cartilages and along the 
vertebra, which are imperfectly-suppressed remnants of an old chorda 
dorsalis, show distinctly hereditary features and cease to grow when the 
skeleton is fully developed. Lipoma passing into liposarcoma is often 
clearly connected with an obese habit of the individual. Moles and cu- 
taneous angiomata are congenital in origin and remain harmless until 
mechanically disturbed. There is no essential difference between any 


of these tumors, since all occasionally produce metastases. 

There remain for the possible application of the parasitic theory only 
the simple homologous tumors, including, however, the important group 
of cancers. Yet with the exception of the lymphosarcomata, whose po- 
sition remains uncertain, the most minute study has failed to show any 
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essential difference in the nature of cancer and the heterologous tumors. 

Hopeless dilemmas seem to arise when one attempts to trace the 
necessary behavior of the cancer parasite. Some rare tumors, such as 
primary epithelioma or thyroid adenoma of bone marrow and _hyper- 
nephroma in distant organs, require that the parasite pick out minute 
aberrant groups of cells in protected situations. Chorioepithelioma is 
one of the most characteristic and destructive of malignant homologous 
tumors. Its early phases, however, are with great difficulty distinguished 
from chorionic epithelium wandering within physiologie limits. It 
arises indifferently from uterine or tubal gestation or from hydatid 
mole. The adjacent maternal epithelium always escapes infection from 
any parasite in the fetal epithelium, although cancer of the uterus may 
arise during pregnancy. The various congenital sarcomata of the kid- 
ney very often develop in utero while the parents are free from demon- 
strable tumors. 

Embryonal and misplaced tissue invaded by metastases fails to suf- 
fer infection. Hypernephroma frequently shows metastases in the 
healthy adrenal of the opposite side. Shaffer and Lubarsch*' have de- 
scribed misplaced islands of gastric mucosa in the esophagus invaded by 
epithelioma of the esophagus, but showing no hyperplasia. Berent** has 
observed a misplaced adrenal in the kidney containing a metastatic 
nodule from epithelioma of the jaw, but without showing any evidence 
of proliferation. A bruised pigmented mole may produce widespread 
metastases in a few weeks, or ten years may elapse between the removal 
of the melanoma before the appearance of rapidly-growing metastases. 

The cancer parasite, therefore, must invade minute groups of cells 
in protected organs, even in the embryo of an immune parent; it in- 
vades only the tumor cells and their derivatives, but not other tissue 
cells; infecting one embryonal cell it will not attack other embryonal 
cells in immediate contact; it induces destructive growth, ending in 
necrosis and fatal cachexia, or stimulates normal embryologic develop- 
ment with the production of comparatively typical tissues and organs; 
and it does all this with frightful rapidity in a few weeks, or it lies for 


ten vears giving no hint of its presence. 

The whole basis, objective and theoretical, of the cancer parasite has 
been traversed again and again, with the uniform conclusion by those 
who finish the journey that the cancer parasite is the cancer cell. We 
should, therefore, avoid the temptation of searching for an easy solution 
of the cancer problem and content ourselves with the more laborious but 
safer progress along the lines converging in the doctrine of cell autonomy. 
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Ill. BIOLOGIC AND BIOCHEMIC STUDY OF TUMORs. 

During the past five years a new era in cancer research has opened 
in the study of transplanted tumors in lower animals. The results al- 
ready obtained in this field are of such fundamental importance as to 
lead some to express the belief that the beginning of the end of the can- 
cer problem i> in sight. However enthusiastic such a hope may be, the 
most conservative estimate must acknowledge that the opportunity 
to study cancer under definite experimental conditions has placed the 
whole subject on a much firmer basis than has ever before existed. 

The first definite success in the effort to transplant tumors from one 
lower animal to another appears to have been that of Novinsky,' who, 
in 1870, transferred a nasal cancer of a dog to two of forty-two dogs 
inoculated. In 1889 Wehr? transferred a vaginal sarcoma among dogs. 
Hanau’s report® in 1889 of the transplantation of a squamous cell epi- 
thelioma of a rat by intraperitoneal inoculation, and its further transfer 
to a third rat, was the first to receive general credence. In 1889 Morau 
injected an emulsion of a cylindrical cell carcinoma of a mouse into ten 
other mice, and four weeks later found definite tumors of the same 
structure in eight of them. 

During the following vears he carried this tumor through seventeen 
generations and published the results in 1894.* He noted that the tumors 
remained stationary during gestation and that the offspring of tumor 
animals developed unusually large tumors. 

In 1898 Velich® carried a sarcoma found in a rat through nine gen- 
crations in rats, but he interpreted the results as a transfer of micro- 
organisms and not as a transplantation of tumor cells. In 1901 L. Loeb 
demonstrated before the American Society of Pathology and Bacteriol- 
ogy a transplanted spindle-cell sarcoma in a rat under such conditions 
as to leave little doubt of its genuineness. This tumor was later trans- 
ferred through about forty generations, becoming increasingly infected 
with bacteria. From a cystic adenocarcino-sarcoma of the thyroid in 
another rat Loeb® succeeded in growing seven generations of tumors, 
and Herzog’ carried similar tumors through eight generations. 

In Loeb’s experiments there were several observations of importance. 
From the mixed tumor of the thyroid only the sarcomatous portion grew 


in the transplants, the carcinomatous parts being suppressed. Micro- 
scopical examination showed that the tumor grew from the peripheral 
cells of the transplanted piece. Tumor juice passed through filter paper 
proved ineffective. Pieces of tumor kept on ice five days were still 
viable. Tumors heated to 43 ©. were markedly weakened in growth, 
beginning to grow later than the controls, growing more slowly and re- 
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gressing after five to eight weeks. Exposure to KCN, 1-700, for forty 
hours had the same effect as heating to 43 C. Pregnancy seemed to 
exert a favorable influence on the growth of the tumors. Transplanted 
pieces often grew more rapidly than the original tumor, but Loeb was 
unable to demonstrate an increase of virulence in the course of trans- 
plantation, believing that local conditions in the tumor tissue and in the 
inoculated animal had much to do with the rapidity of growth. Even 
more important was the demonstration of the value of the experimental 
method in the study of the general problems of tumor growth. 

About this time Jensen* was carrying on a systematic study of a 
transplantable carcinoma in white mice from which reports were given 
during 1901 to 1903. ‘The original tumor was a subcutaneous growth 
of the type of large alveolar carcinoma derived from the breast. The 
lymph nodes were not involved. Portions of this tumor, or its deriva- 
tives, extending over nineteen generations, were transferred to 844 mice, 
of which 232 died within two weeks. Of 274 mice which received subeu- 
taneous injections of comminuted masses of the tumor 121 developed 
tumors, and of 238 in which a small piece of tumor was inserted be- 
neath the skin 28 developed tumors. ‘The tumors grew from small per- 
ipheral islands of cells which survived the transfer. Small early tumors 
were less effective for inoculation than older ones, and Jensen concluded 
that actively mitotic cells were less resistent than older quiescent ones. 
(iray mice were more refractory than white mice, but when once trans- 
ferred to a gray mouse the resulting strain proved equally virulent for 
hoth gray and white mice. Other varieties of mice, white rats, guinea- 
pigs, rabbits, ete., proved immune, 

The “cancer parasites” were abundant in some tumors, absent in 
others, and cultures for bacteria and blastomyces were negative. Com- 
plete comminution of the tumor cells or straining repeatedly through 
gauze removed the infectious agent from the tumor material. Kept at 
37 C. for twenty-four hours, the tumor pieces lost virulence, but growth 
was readily obtained from pieces kept on ice for eighteen days. Exposure 
for five minutes to 47 C. destroyed virulence, as did drying, but the cells 
resisted cooling to —18 C., which Folin has shown is the critical point for 
the vitelity of frog’s muscle. The failure of about 50 per cent. of the 


implantations to grow, Jensen referred to slight family variations in the 
mice employed, but suggested that an abortive tumor might render the 
animal immune. He reported the cure of mouse careinomata by means 
of the serum of a rabbit which had received injections of tumor cells. 
Since the work of Loeb and Jensen the study of transplanted tumors 
in lower animals has been pursued energetically by Borrel in Paris, Ehr- 
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lich in Frankfort, Michaelis in Berlin, at the Gratwick Laboratory in 
Buffalo, by the British Commission in London, at the Rockefeller Insti- 
tute, and elsewhere, and many new facts of great importance have been 
established. 

Among these new facts may be mentioned, first, the demonstration 
that the inoculability of certain tumors among lower animals depends 
on the viability of the tumor cells, that the inoculation is a transplanta- 
tion of the tumor and not an infection, since the new tumor grows from 
the transferred cells and not from the host’s tissues. This fact has 
heen shown for adenosarcoma of the thyroid in rats by Loeb, for the 
breast carcinoma in mice by Jezsen, and for the lymphosarcoma of dogs 
by Beebe® and the writer. These results dispose of the supposition that the 
inoculability of these tumors favors the parasitic theory of their origin. 

The demonstration of the extremely limited viability of tumor cells 
among the same or related animals is a very important result of the 
recent studies. Only in the mouse, rat and dog have successful trans- 
plantations been secured. The British Commission made over 900 at- 
tempts to inoculate spontaneous tumors of horses, dogs, cats and rats 
without a single success.” 
tumors of ninety-four spontaneous growths observed in the Frankfort 
mice. 


Ehrlich" reports only eleven transplantable 


In rats, Hanau’s epithelioma, Loeb’s three growths of different struc- 
ture, Michaelis’ tumor, and that of Flexner and Jobling,’? make six in- 
oculable growths observed in this animal. 

In dogs the lymphosarcoma of Wehr has been accepted by most ob- 
servers as neoplasm, but with the exception of Novinsky’s somewhat un- 
certain case, this is the sole inoculable canine tumor. 

The bearing of these results on the contagiousness of human cancer 
is obvious. Reviewing the proportion of successful implantations in 
animals of the same species, it appears that success with initial trans- 
plantations is the exception rather than the rule. Among 8,000 inocula- 
tions of mice, with various mouse tumors, Bashford secured 114 to 50 
per cent. of successes. Jensen obtained, through twenty-three genera- 
tions, from 20 to 40 per cent. of successful inoculations, and Borrel about 
10 per cent. 

With rats a considerable number of animals has always been found 
immune, and the same rule holds with the lymphosarcoma of dogs, 
Sticker'® recording numerous failures, and Beebe finding considerable 
difficulty in obtaining successful inoculations from primary growths. 

It soon was apparent that tumors become increasingly virulent when 
repeatedly passed through mice of the same breed. The Jensen tumor, 


vielding 40 per cent. of successful inoculations in white Danish mice. 
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was sent to London, Berlin, Paris and Buffalo. Workers in each of these 
localities had some difficulty in keeping the strains alive, but by repeated 
inoculations successful results rapidly increased. Marked differences in 
susceptibility have been observed in the same locality between gray and 
white mice and between wild and tame mice of the same color. In fact, 
Haaland"* has shown that Ehrlich’s highly virulent sarcoma is virulent 
only for Berlin mice, but not for Danish mice, and that inbred animals 
are more susceptible to a tumor from the parents than are cross-bred 
animals. When the Berlin mice were housed and bred in Christiania 
thev shortly became refractory to the Berlin (Ehrlich’s) tumor. This 
remarkable transformation Haaland cautiously refers to change of diet. 
In Berlin the mice were fed chiefly on fat and animal proteid (milk), 
in Norway on carbohydrates. 

These observations show that mouse tumor cells are adjusted with 
extreme delicacy to the nutrient soil, and that their growth or regression 
is determined by factors far more subtle than any heretofore demon- 
strated in immunity relations. 

The study of transplanted tumors promises to throw light on some 
obseure phases of histogenesis in tumors. Loeb*® observed that a diffuse 
spindle-cell sarcoma of a rat, when transplanted, assumed types of cel- 
lular arrangement designated as perithelioma (atypical), alveolar sar- 
coma or endothelioma, myxoma, and diffuse spindle-cell sarcoma. In a 
rat with a mixed adenocarcino-sarcoma of the thyroid he found, in the 
lung, a pure sarcomatous metastasis, and on transplanting a portion of 
mixed tumor observed only the sarcomatous elements in the secondary 
growth. The significance of this latter observation was elucidated more 
fully by Ehrlich,’ who in the tenth generation of a carcinoma encoun- 
tered a mixed sarcoma and carcinoma which by the thirteenth and four- 
teenth generations became a pure large spindle-cell sarcoma without car- 
cinomatous elements, maintaining this character for at least fifty gen- 
erations. 

With another strain a similar transformation was observed, while a 
permanent mixed tumor was produced from the mixed material ob- 
tained from four strains, all of which were originally pure carcinoma. 
Apolant'® and later Bashford'® claim to have traced the development of 
the sarcoma from the stroma cells, although admitting the existence of 
cells which suggest a transformation of cancer into sarcoma cells. 

Among human tumors the transformation of carcinoma into sarcoma 
is unknown. Metastatic melanoma of epithelial origin may, however, 
assume the characters of pure spindle-cell sarcoma. In adamantinoma 
the masses of enameloblasts which compose the tumor form areas of large 
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spindle cells whose epithelial nature is proven by their formation of 
abortive enamel. In human tumors. therefore, the presence of spindle 
cells is not a sufficient indication that one is dealing with sarcoma, and 
further information about the spindle cells of mouse cancer is required 
before the exact significance of the transformation of carcinoma into 
sarcoma can be determined. In transplanted mouse tumors, such spindle 
cells may be derived from (1) epithelium, (2) from the sarcomatous 
portion of a mixed tumor, (3) from the transplanted stroma, or (4) 
from the connective tissue of the host. 

Working with mixed material of sarcoma and carcinoma it has been 
found possible to suppress, artificially, either element, since Haaland 
found Berlin mice susceptible only to the sarcoma, Danish mice only to 
the carcinoma, and Bashford believes he has hastened the transforma- 
tion into sarcoma by immunization against the epithelial element. 

The distinctions between benign expansive and malignant infiltrating 
growth are not rigidly maintained in experimental tumors of mice. The 
rate of growth of Jensen’s cancer shows cyclic variations extending over 
periods of about 200 days (Bashford’*). At the period of greatest 
growth it develops expansively and produces metastases without infil- 
trating tissues. Intraperitoneal implantation and advanced metastases 
of the same tumor, however, infiltrate neighboring organs, but when the 
infiltrating tumor is replanted subcutaneously the growth is again ex- 
pansive. These distinctions, so important for the host, are, therefore, 
more or less accidental for the tumor. The occurrence of spontaneous 
variations in structure of the same tumor, transplanted in susceptible 
animals, may be kept in mind in considering Apolant’s report'’ that by 
transplanting solid carcinoma in actively immunized mice he was able, 
in three instances, to transform the carcinoma into a benign adenoma. 

In the transplanted tumor graft the specific cells multiply, but the 
stroma perishes and a new stroma is provided by the host’s tissues. A 
possible exception to the rule is found in the transformation of carcinoma 
into sarcoma, reported by Ehrlich and Bashford, which they interpret 
as a neoplastic process becoming established in the host’s connective tis- 
sues. In the lymphosarcoma of dogs we* have described the appropria- 
tion of some of the small transplanted blood vessels by the new growing 
tumor. In metastases of mouse carcinoma the invaded tissues supply 
stroma, but are, as a rule, otherwise passive. Haaland, however, de- 
scribed the transformation of pulmonary epithelium into tumor cells in 


metastases of mouse carcinoma. 
This interpretation of Haaland has not been confirmed and_ will 
doubtless meet with energetic opposition. Such a process is not recog- 
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nized in human tumors, but, notwithstanding the determined position 
of Ribbert and Borrmann,*® based chiefly on the study of gastric cancer 
and superficial epitheliomata, many (Virchow,*! Hauser**) believe that 
there may be a gradual extension of the originating focus of a tumor. 
In primary adenocarcinoma of the intestine, and in melanoma, I believe 
that there may be a gradual transformation of normal epithelium into 
tumor cells. 

Ribbert** has lately modified his former rigid position on this im- 
portant question by admitting that cancers may arise from several foci, 
some of which appear later than others, and that there may be a gradual 
fusion of the tumors growing from these foci. It is obvious, however, 
that the distinction between primary tumors arising successively from 
adjoining foci and the gradual extension of a tumor process through 
normal cells is a matter of two interpretations of the same appearances. 

Immunity.—Evidences of a peculiar type of immunity have from 
the first appeared in the observations on experimental tumors. Wehr? 
in 1883 described the spontaneous regression of the lymphosarcoma of 
dogs, a fact repeatedly verified for the same tumor by Sticker and Beebe. 
Loeb noted the complete absorption of many of his transplanted sarcomas 
in rats. Gaylord and Clowes** reported 20 per cent. of spontaneous cures 
of the Jensen mouse tumor, and they first drew attention to the signifi- 
cance of this fact as an indication of acquired immunity. The exact 
meaning is, however, obscured by the fact that some tumors regress while 
others grow in the same animal, and some after regressing for a time 
recover and go on to a fatal termination. A slight deterioration in the 
general health of the animal may interrupt the regression. 

That local factors play a part in the limitation of the growths is indi- 
cated by the histologic study of regressing tumors. Such tumors are 
usually surrounded by a connective tissue capsule which invades the cel- 
lular edges, blocks the blood vessels, which are often sheathed with round 
cells, and cuts off the nutrition. In regressing dog tumors we find fatty 
degeneration, transformation of large lymphocytes into small, compres- 
sion atrophy at the periphery, and foei of liquefaction necrosis in the 
center, mingled with areas of actively multiplying cells. If no other 
factor than anemia were present these would be the logical changes. 


Loeb® found that if a regressing tumor were subdivided and replanted in 
the same animal it would often begin to grow rapidly. This observation 
is not in accord with the view that specific immune substances are present 
in the blood of animals recovering from tumors. 

In July, 1905, Gaylord and Clowes** reported that thirty mice which 
had spontaneously recovered from definite tumors had proven immune 
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to further inoculation with the same tumor, and that ten had resisted 
a third inoculation with a more virulent tumor. There were thus indi 
cated: (1) The existence of acquired immunity against mouse cancer, 
(2) the possibility of increasing this immunity by a process of vaccina- 
tion. In later experiments they were able to reduce the proportion of 
successful implantations of the Jensen tumor from 30 to 50 per cent. 
in the first series. to 10 per cent. for the second series, and to complete 
immunity in all surviving animals to the third inoculation. Yet, by 
vaccination with the Jensen tumor, they could not fully protect against 
the highly malignant Brooklyn cancer. Ehrlich.** by employing a hemor- 
rhagic tumor which produced smal! abortive growths or none, was able 
to protect against tumors of maximum virulence. By repeatedly inocu- 
lating either the mouse sarcoma or the carcinoma he was able to protect 
against both sarcoma and carcinoma, and to a less extent against a 
chondroma, whence he concluded that the resistance established consti- 
tuted a sort of pan-immunity against tumors. Bashford also obtained 
a high proportion of immune mice after spontaneous cure of tumors, 
and to a less extent after a negative inoculation of cancer tissue, which 
was promptly absorbed. 

On the other hand, Haaland,’* by inoculation of Jensen's tumor, 
could not immunize Berlin mice against Ehrlich’s very virulent sarcoma, 
and Michaelis** could not immunize white mice by means of cancers 
from gray mice, nor Berlin mice by tumors from animals bred in Copen- 
hagen. It is possible that differences in technic and in the tumors em- 
ployed may explain these conflicting results. At any rate, the large 
number of observations recorded show that a certain type of resistance 
against cancer has been produced in mice. 

That a true specific immunity against tumors has been demonstrated 
bevond question can not at present be claimed, for there are many dis- 
turbing factors which must be considered in the interpretation of the 
results of vaccination. The methods employed involve a process of 
elimination of weaker animals, which succumb to the treatment, and 
some of the animals which appear to have been rendered immune by 
the vaccination may always have been naturally immune to all the tumors 
employed, and this source of error can hardly be eliminated from statis- 
tical studies in which the condition of individual animals is not fully 
determined. Or non-specific variations in the general health of the 
animals may determine the result in mice, as it often does in dogs, and 
this factor can not be estimated accurately in such small animals as mice. 

Again, Bashford'? has shown that different portions of the same 


tumor, and the same tumor at different periods of growth, vary in rate 
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of growth, and that highly virulent strains may suddenly decline in 
virulence, but most of the experiments in immunization depend for 
validity on the assumption of uniform virulence of the tumor strains. 
Much depends on the dosage employed to test immunity. Successful re- 
sults may follow multiple inoculations when a single implantation is 
negative, and Michaelis has seen a mouse, inoculated three times without 
result, take the fourth inoculation. 

Finally, the artificial resistance against tumors does not appear to 
be specific. ‘The pan-immunity observed by Ehrlich is a suspicious fea- 


ture, suggesting the action of unknown and complex factors. Michaelis,** 
by the injection of normal mouse liver, was able to secure considerable 


immunity against tumors. Schéne.** with the liver of mouse embryos 
and normal mice; Borrel and Bridré.* with liver or spleen, and 
Bashford,®® with mouse red cells, all sueceeded in rendering mice quite 
refractory to the growth of cancer cells. Bashford found that mice con- 
valescent from infectious diseases were refractory to tumor cells, and 
he and Tyzzer™ record the very interesting observation of the spon- 
taneous development of cancer in mice which resisted inoculation. 
Lately*® he reports that of all embryonal organs, inoculation by epithelial 
tissue gives the highest degree of immunity against cancer. Pregnancy 
retards the growth of mouse tumors and renders the animal less suscep- 


tible to inoculation. Reference may again be made to the remarkable 
results of increase in resistance observed by Haaland in Berlin mice 


/ transferred to Christiania, and probably due to change of diet, water and 

climate. 

| All of these considerations show that resistance of mice to tumors 

| is of exceedingly complex nature and probably not comparable to any 
known form of immunity. 


Not only may mice be made resistant to tumors, but their natural 
resistance may be diminished. In dogs there is a close relation between the 
i! general health of the animal and their susceptibility to inoculation with, 

and the rapidity of growth of lymphosarcoma, while inoculation with 
the filtered products of this tumor increases their susceptibility. Clowes?* 
and Baeslack found that mouse tumors heated to 42 C. were more 
readily inoculable. This result is probably due to the greater propor- 
tion of autolytic products in the heated material. This same explanation 
probably applies to the results of Flexner and Jobling,*? who rendered 
rats more susceptible to their tumor by injections of heated tumor prod- 
ucts. They made the additional observation that the animals were es- 
pecially susceptible, not immediately, but from the tenth to the thir- 


teenth days after receiving the tumor products, suggesting a form of 


| 


JAMES EWING. 207 


anaphylaxis. In the same line Borrel** suggests that perhaps mice may 
be made more susceptible to cancer by a diet of cancer tissue. It is 
known that the repeated injection of toxic proteids, both of bacteria and 
of organ cells, produces not immunity but increased susceptibility, and 
there seems to be no reason why this susceptibility may not have the 
characters of anaphylaxis, but that it does has not vet been proven, 

The effort to determine the nature of the immune forces against 
cancer has led to the formation of theories which have required frequent 
readjustment. It was natural to suppose that the blood serum of im- 
mune animals must contain substances directly antagonistic to tumor 
cells. This belief led Gaylord, Clowes and Baeslack** to inject tumor 
mice with the serum of recovered animals. Their first results were 
highly encouraging, since a minute quantity, 2 ¢.c., seemed to cause the 
rapid disappearance of some large tumors, while normal serum was en- 
tirely ineffective. These results, however, were not constant. They then 
mixed tumor emulsion with immune serum before injection, using salt 
solution and normal serum as controls, and found that the immune serum 
mixture gave 12 per cent. of successful inoculations, as compared with 
31 per cent. for the controls. These results also are of uncertain value 
on account of many disturbing factors, but they indicate a evtotoxic 
action of the immune serum. 

It first appeared that the active growth of a tumor was necessary 
to confer immunity, but Bashford*® concluded that while the resistance 
established by a growing tumor is greater than that following an abortive 
inoculation, there is no relation between the grade of resistance estab- 
lished and the energy of growth or virulence of the tumor inoculated, 
hut the protection is proportional to the quantity of tumor absorbed. In 
this case immunity must, apparently, depend on antagonistic substances 
produced in the body against tumor proteids. Yet, in the serum of ac- 
tively-immunized mice, Michaelis** failed to find any evidence of cytolytic 
or agglutinative action on the tumor cells, or of complement fixation 
by the Bordet-Gengou method. Tumor cells treated with immune serum, 
with normal rabbit serum, with rabbit serum rendered hemolytic to 
mouse red cells, and with serum of animals receiving injections of killed 
mouse tumor, grew quite as well as the controls. Borrel** failed to find 
any immunizing or curative influence in the serum of a sheep receiving 
thirteen injections of 100 gm. each of mouse cancer. As vet there has 
heen no satisfactory evidence of the existence in the serum of immune 
animals of substances directly antagonistic to tumor cells. 

Beebe and Crile,** after exsanguinating dogs suffering from advanced 


lymphosarcoma, have directly transfused them with large quantities of 
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the blood of naturally immune or recovered animals. The result in 
nine cases was a rapid and complete disappearance of the tumors. This 
bold experiment would seem fully calculated to demonstrate in immune 
blood the presence of substances antagonistic to these tumor cells. Yet 
it is quite legitimate to suppose that the transferred immune blood was 
a more suitable nutriment for the body cells, and that as a result of the 
transfusion the balance of nutrition was reversed, the metabolism of the 
healthy tissues was improved, while that of the tumor was relatively 
depressed by the withdrawal of nutriment to such an extent that it 
underwent simple atrophy. 

Athrepsia.—The observations on the viability of tumor cells in re- 
lated animals has, from the first, suggested that the growth or regres- 
sion of a tumor is determined by very slight variations in the soil, and 
that the problem of immunity is here one of the nutrition of the tumor 
cells. Ehrlich is the legitimate spokesman in this field, and he has 
designated"’:** this form of immunity as “athreptic.” Transplanting 
mouse carcinoma into rats, he observed that the plant grew for several 
days, as in the mouse, but thereafter regressed. If, after a sojourn in 
the rat, the piece was transferred back to the mouse, it grew with un- 
diminished vigor, after which it was again susceptible of considerable 
growth in another rat, but not in the one first receiving it. This zigzag 
transplantation he maintained for several generations. From these ob- 
servations he concluded that the mouse tumor carried over into the rat 
a specific substance, or “X-stoff,” which enabled the tumor cells, for a 
time, to absorb nutriment from the rat, but on the consumption of which 
the tumor ceased to grow and required a renewal of the specific sub- 
stance in the mouse. Since a rat once serving as temporary host for the 
mouse tumor became thereafter entirely refractory to the growth and 
could not serve a second time, it appeared that the tumor must soon ab- 
sorb the limited supply of suitable nutriment in the rat or else that the 
rat once inoculated developed antibodies against the mouse cells. 

Two forms of athreptic immunity are, therefore, possible. In one 
the specific substance is not itself the nutrient molecule, but merely 
facilitates absorption, although it is slowly consumed in the process. 
This theory finds an analogy in the relation of corpus luteum secretion 
to the chorionic epithelium. In the other view the specific substance is 
the nutrient molecule and is consumed in the growth. To what extent 
these hypotheses will prove adequate to explain immunity in tumors it 
remains for the future to decide. 

That mouse tumors transplanted into rats fail to grow is doubtless 


due. to some extent, to the unfavorable soil. Here the influence of 
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athrepsia seems obvious. But the fate of mouse tumor in rats recalls 
the experiment of Cohnheim and Maas,** who injected into the jugular 
vein of rabbits fragments of periosteum and saw them develop in the lung 
into islands of bone which grew for two or three weeks, but thereafter 
were absorbed. There is good reason to believe that these same islands 
of bone replaced beneath the periosteum would have retained their vital- 
ity. Here the influence of athrepsia is not so obvious, but other factors 
concerned in tissue organization seem to be at work. 

It seems to be a fact also that tumors often regress in inoculated 
animals in which the soil is fully capable of supporting the growth, as 
is shown by successful reinoculation, but in which other factors, some 
of them local, interfere with the growth and effect a cure. A study of 
the conditions under which tumors naturally develop and grow indicates 
that suitable soil is of vastly wider distribution than is the occurrence 
of tumors, and that the fate of man or animal suffering from a malig- 
nant tumor depends chiefly on the characters of the cells and not on the 
soil. Outside of the experimental laboratory the soil seems to bear much 
the same relation to appropriate tumor cells as it does to the tubercle 
bacillus. 

It might be supposed that tumor cells grow, not because they possess 
increased avidity for nutriment, but because the general body cells are 
deficient in this function. Yet tumor cells grow rapidly in young -ani- 
mals which show no such constitutional basis for the growth of tumors. 

Chemistry of Tumors.—The chemical study of tumors forms a neces- 
sary preliminary to the construction of theories of immunity. If chem- 
ical or biochemical distinctions can be found between tumor cells and 
other tissues, then, and not till then, can a chemical or biochemical 
theory of immunity be established. Several interesting lines of research 
have extended into this field. 

In rapidly-growing tumors, free from necrosis, Beebe** found an 
excess of potassium and a deficiency of calcium, while opposite condi- 
tions held in old and necrotic tumors. Clowes*® observed the same rela- 
tions in mouse tumors. 

The proteids of tumors are said to differ in construction from those 
of normal tissues. On analysis, by Wolf,“° cancer tissues yielded a high 
proportion (35 per cent.) of glutaminic acid, while alanin, phenylalanin, 
asparaginic acid and diaminoacids were increased, and leucin diminished, 
*t These results conflict with 


in the results of Bergell and Dorpinghaus. 

those of Petry,‘ Neuberg** and Beebe.** 
Nucleo-histon is present only in lymph nodes among normal tissues, 

and its appearance in cancers secondary in lymph nodes suggests that 
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metastatic tumors receive a chemical impress from the tissue in which 
they are growing (Beebe**). 

Cellular tumers often appear to undergo autolysis more rapidly than 
many normal tissues, but it is doubtful if there is any normal tissue 
with which a comparison may properly be made. Petry‘? observed that 
antiseptic autodigestion of a breast cancer proceeded more rapidly, but 
in the same manner as that of a normal breast tissue. Yet he is exten- 
sively quoted as having proven that tumors, in general, autolyze more 
rapidly than normal tissues. Comparing the increase in non-coagulable 
nitrogen in a carcinoma of the liver with that of the remaining liver 
tissue, during autolysis, Beebe*™ noted a considerable excess in favor of 
the tumor. 

It is well known that tumors are very subject to softening and ne- 
erosis from infection and imperfect blood supply, but I do not think 
it has vet been proven that well nourished tumor tissue undergoes auto- 
lvsis more rapidly than an equivalent normal tissue. Beebe and the 
writer® passed dog blood by artificial circulation through test tubes con- 
taining fragments of dog sarcoma. Under these conditions the sarcoma 
cells remained alive for eight or ten days, but dog liver and kidney cells 
became necrotic and autolyzed extensively in forty-eight hours. 

The study of special ferments in tumors was introduced by Buxton,** 
who, with Shaffer,** found no distinct differences in quantity or quality 
from those of normal organs. Harden and MeFadyen** found in tumors 
proteolytic ferments acting in acid and alkaline media, respectively, thus 
disproving Beard’s supposition that proteolysis of tumor ferments is 
exclusively acid. A strongly hemolytic activity of extracts of degen- 
erating, and especially of necrosing tumors, has been demonstrated by 
Weil as a factor in tumor cachexia, but this action is not specific. 

Petry®’ found that the injections of extracts of fresh or of autolyzed 
cancers failed to disturb the nitrogen elimination in dogs, and he doubted 
if any of the cancer extracts were really active in the living body. 

Blumenthal and Wolf* submitted five cancers to acid peptic and alka- 
line tryptic digestion. Two of them resisted pepsin, but three were 
digested readily in it, while all five were readily digested by trypsin. 
Yet they state that resistance to peptic and susceptibility to tryptic 
digestion is characteristic of cancer. Their results probably depended 
on a high proportion of nucleo-proteids in some of the tumors and not 
on any significant peculiarity of tumor proteids. In two trials emulsion 


of cancer tissue not only dissolved itself but hastened the autolysis of 
liver pulp, whence they conclude that tumor ferments are not merely 
autolytic, as are those of normal tissues, but heterolytic. From these 
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observations, which Neuberg®? endorses, Blumenthal does not hesitate to 
draw far-reaching conclusions regarding the action of ferments in tu- 
mors, claiming that their infiltrative growth and the cachexia which 
they produce are dependent entirely on the above characters of their 
ferments. The possible presence of bacteria, accidental necroses and 
postmortem decomposition in the tumors examined is not mentioned by 
these writers, and until their observations are reasonably controlled and 
greatly extended their conclusions can not be trusted. 

There are chemical problems in tumors, but the problem of tumors is 
not chemical. An experiment in antiseptic autolysis of comminuted 
cells, prolonged over several months, may be sound for chemistry, but is 
it fruitful for pathology? In these and other experiments the language 
employed and the conditions secured are those of chemistry, but the 
conclusions are drawn in a physiologic sense. Yet between the two there 
is a wide gap of assumption. The help of the chemists is needed, but 
until their technic approaches more closely to physiologic requirement 
it would seem that some of their results need not detain us long. The 
present studies do not, as a whole, offer a satisfactory demonstration that 
tumor cells possess chemical peculiarities sufficient to justify the as- 
sumption that they represent a specific biologic series. 

In a biochemical sense the efforts to demonstrate specific qualities 
in tumor cells have not been fully successful. Mention has been made 
of Michaelis’ failure to produce cytolytic, agglutinating, or precipitating 
agents specific for mouse tumor cells. Working with purified nucleo- 
proteids, Beebe** has been somewhat more successful. From the nucleo- 


proteids of a leukemic spleen he produced a serum which agglutinated 
the emulsified cells of this spleen and also those of a lymphosarcoma, 
ym} 


and precipitated the nucleoproteids from these sources, but acted very 
feebly and only in strong concentration on cells and nucleoproteids from 
normal spleen and other tissues, as well as from cancer and spindle-cell 
sarcoma. Similar results were obtained from the nucleoproteids of 
cancer. If these indications prove trustworthy, then a biochemical basis 
for immunity against tumors may be within reach. 

If any general criticism of the recent trend of cancer research is to 
be made it must apply to the exclusive relation of these studies to the 
nature of the established tumor process and their failure to deal with 
the origin of tumors. These problems seem to be entirely distant. Tu- 
mors grow readily in young dogs, rats and mice, although these young 
animals seldom or never develop such tumors spontaneously. 

From this standpoint the more fundamental character and permanent 
value of the long line of studies on cell autonomy become conspicuous. 
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for these deal with the origin of tumors. No one has yet succeeded in 
originating a malignant tumor experimentally, although the occasional 
effects of the x-ray may be so regarded. Very broad theoretic deduc- 
tions have been drawn in the elaborate study by von Dungern and 
Werner** regarding the response of epithelial cells to various stimuli. 
Fischer* has shown that extensive epithelial hyperplasia may be induced 
in the rabbit’s ear by forcible injection of oil containing Sudan ITI, 
which seems to exert a peculiar attraction for certain epithelial cells of 
the skin. ‘These observations may later be of value in the experimental 
production of tumors, but the essential character if a neoplasm, progres- 
sive growth, is so far lacking in the process excited by this method in 
the hands of many experimenters.” The long history of efforts to pro- 
(duce tumors experimentally indicates that many have been in control 
of single factors in tumor genesis, but no one has combined enough of 
these factors to secure the concrete result of a growing malignant neo- 
plasm. 

{ am strongly of the opinion that information of fundamental im- 
portance in this field is still to be obtained by the very minute observa- 
tion and analysis of the general and local conditions surrounding the 
early stages of cancer. This is the exclusive opportunity of the clinician, 
medical, surgical, and special, but it is often neglected. In it lies the 
chief hope, for the present generation, of a reduction in the mortality 
from cancer, by the earlier recognition of the precancerous stage of the 
disease and the elimination of some of its accessible factors. 

The new era has not succeeded in devising a cure for cancer. While 
some are very confident, there does not seem to be legitimate ground 
for hope that any will shortly be discovered. The chief definite limita- 
tion of the knife has come from a most unexpected quarter, in the form 
of the v-ray, which affects favorably only superficial tumors of moderate 
malignancy. Standardized B. prodigiosus toxins, as now used by Coley, 
are applicable only to a limited group of sarcomata. The z-ray, bacterial 
toxins, vaccination with micrococcus neoformans, inoculation with the 
substance of thyroid, thymus, liver, and other toxic proteids, serum pre- 
pared against cancer tissue or its proteids, and Beard’s pancreatin, all 
produce more or less destruction of the older portions of true cancers, 


with deceptive reduction in the size of the tumor, while the patient goes 
on to die from progressive infiltration by the more resistant tumor cells, 
and with accelerated metastases and cachexia. 

The recent studies of artificial immunity to tumors in lower animals 
touch closely on the problem of the control of tumor growth in man, 
but the highly artificial conditions which form the basis of these experi- 
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mental studies may cause disappointment when the attempt is made to 
transfer to man the results secured in lower animals. Yet the situation 
is encouraging in the present fixed determination to acquire more facts, 
in which field the experimental method is truly epoch-making, and can- 
cer research may justly be stimulated, now more than ever before, by the 
reflection that a vast practical importance may at any moment attach to 
the new facts that are being gathered. 


I. THE PARASITIC THEORY. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF THE 
ACETONE BODIES. 
WITH A CLINICAL METHOD FOR THE QUANTITATIVE ESTIMATION OF 


DIACETIC ACID AND ACETONE.* 


T. STUART HART, M.D. 


NEW YORK. 


The scientific and clinical importance of acetone bodies, viz.: acetone, 
diacetic and oxvbutyric acids, is demonstrated by the many investiga- 
tions which have been made regarding them in the last decade. As 
evidences of disordered metabolism they are of significant value. The 
Germans have been the leaders in this promising field of research, but 
many valuable studies have come from our own countrymen, among 
which may be recalled the work of Herter, Joslin, Brewer, Baldwin, 
Hubbard, Brackett, Stone, Low and others. 

While much of the earlier work led to conclusions more or less con- 
tradictory, the more recent observations permit us to coordinate our 
knowledge and are full of promise for a rational system of prophylaxis 
and therapy. It seems worth while, therefore, to review some of the 
facts as we know them to-day. 


THE RELATION OF THE ACETONE BODIES TO ONE ANOTHER. 


The relationship of the acetone bodies is a result of their chemical 
constitution and is made evident by examining their graphic formule. 


iceto-acetic acid. 


B-orybutyric acid. ( Diacetic acid.) Acetone. 
CH, CH, CH, 
CHOH CO co 

| 
CH, CH, CH, 
cooHu COOH 


By oxidizing oxybutyric acid we obtain diacetic acid, and when 


* Read before the Association of the Alumni of the Presbyterian Hospital, 
Dec. 14, 1907. 
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diacetic acid is heated to 100 degrees C. it is readily decomposed into 
acetone and carbonic acid. The latter reaction occurs so readily that 
hitherto no satisfactory method has been devised of separating the acetone 
and diacetic acid of the urine and, therefore, all quantitative estimations 
of acetone represent the combined output of diacetic acid and acetone.' 
By a laborious process we are able, however, to estimate separately the 


amount of oxybhutyric acid. 


TABLE 1. Showing Appearance of Diacetic Acid When Acetone Is Excreted in Considerably 


Quantities. 


Rotation. 
Case. Date. Diagnosis. ; 
2/8 
C.C.K. . 5,25,°05 Diabetes. + 0 0 0.018 
M.E.M... 5, Diabetes. . 0 0.0K 
L. H . 6 7.°0) Diabetes. . + ? 0.021 
B. B. . . . | 6,25, | Diabetes. . + + 0.087 
cC.C. K.. 6, 27, Diabetes. . 0.060 
L.B.... 5,10,°05 | Diabetes. . 0. 088 
C.C.K. 6,13,°05 |) Diabetes. + + 0.30 
F.J.M... 6, 8,05 | Diabetes. . : + 0/0 0.160 
Beas 5, 1,°05 Diabetes. + 4 0.800 
S.C.....1% & Wi Diabetes. . + + + 0.616 
G.L... . | Diabetes. +i} 4 ? 0.657 
G. L.. . .| 6, Diabetes. + 1.118 
Ss. B.C. . 5, 3, °0) Diabetes. + +i + 1.111 
G. i... 5, 8,05 Diabetes. . + 4 55) 05 1.2 
J.F. 2,12, 04 Diabetes. 0.22 6.0 10 
2, 22, 04 | Diabetes. . ~ + ste O4 


NOTE. +, positive reaction; ?, doubtful reaction ; 0. negative reaction ; *, amount in one litre, 


It seems to be established that oxybutyric acid is the antecedent body 
from which diacetic acid and acetone are formed. Schwartz? has given 
diacetie acid by mouth to diabetic animals and has seen a partial conver- 
sion into acetone in the urine. Geelmuyden* gave sodium salts of diacetic 


acid to normal men who were on a mixed diet and a diet without carbo- 
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TABLE 2.—Conditions Under Which the Acetone Bodies Are Excreted. 


Condition or Disease. 


Normal... . . . + 

+ 


Starvation... ...... 
Starvation... ......| + 
Starvation... ......| + 
Starvationandoleicacid + 
Digestive disturbances . 


Digestive disturbances. . 


+ 
Auto-intoxication... + 
Appendicitis....... + 
Typhoid fever. ..... + 
Typhoid fever. .... 
+ 
+ | 
Scarlatina......... + 
Diphtheria... ...... 
.. + 
Tube. cular meningitis... 
+ 


Diabetes mellitus.. 
Diabetes mellitus... .. + 
Diabetes mellitus... . 2.) + 


Diabetes mellitus (mix- 


Diabetic coma... . . + 
Diabetic coma..... . + 
Diabetic coma. 


Diabetic coma 


Diacetic Acid, 


Maximum Amount of Ace- | | Rs 
tone in 24 hours in grams. | van 
Estimations Include | | =~ 3 
Diacetie Acid. Observer. 
3228 
Urine. Breath. & 
| 
0.018 | v. Engel. 
0.784 eee Miiller. 
0.431 0.469 Joslin, 
0.926 0.847 Joslin. 
0.600 | Beauvy. 
1.000 | | Beauvy. 
10.+ Be Naunyn. 
19000 | Magnus-Levy. 
4.200 3.600 Schwartz. 


228 Wolpe 
‘ 16.0 Minkowski. 
188.0 Naunyn. 


+ 10010150) Magnu--Levy. 


| = 

| 

| 

| 

| + 

| 
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hydrates, and found an increase in the acetone output in each instance. 
Minkowski* gave a dog with pancreatic diabetes 10 grams of sodium 
oxybutyric acid, obtaining as a result a large amount of diacetic acid and 
acetone in the urine. 

The relationship of the acetone bodies is also evident when we con- 
sider the order in which they make their appearance in the urine. For 
example, in a progressive case of diabetes mellitus, the first of these 
bodies which we find is acetone. As the process advances we next detect 
diacetic acid, and when diacetic acid has increased to a considerable 
amount oxybutyric acid appears. When a bad case of diabetes begins to 
improve, the acetone bodies disappear in the inverse order in which they 
occurred ; oxybutyrie acid is the first to go, followed by diacetic acid and 
finally by acetone. These sequences, ascending and descending, indicate 
respectively the progressive failure and improvement of oxidation. | 
think we may look on the excretion of oxybutyric acid and diacetie acid 
as invariably due to pathologic conditions, and the appearance of any 
considerable amount of acetone must be regarded in the same light. 


CONDITIONS IN WHICH ACETONE BODIES OCCUR. 


Recent observation has demonstrated that the excretion of the acetone 
bodies occurs in a wide number of diseases and under many conditions. 


Acetone may be excreted in the urine in very small amounts in health 
under normal conditions. vy. Engel’ puts the normal limits at from 
0.006 to 0.018 gram of acetone in 24 hours. In pathologic conditions, 
acetone is thrown off in the expired air as well as in the urine, but 
diacetic and oxybutyric acids can not escape by way of the lungs and are 
excreted by the kidneys alone. There seems to be no constant ratio 


between the amount of acetone excreted by the kidneys and by the lungs. 
Schwartz,® in some of his determinations, found 70 per cent. of the 
acetone in the expired breath. The acetone bodies are exereted in con- 
siderable quantity in starvation; in certain digestive disturbances; in 
many febrile diseases, such as the exanthemata, pneumonia and typhoid 
fever; after surgical operations; during pregnancy and labor; after the 
administration of certain drugs, among which are benzol, antipyrin and 
morphin; following poisoning with phosphorus, phloridzin, atropin, coal 
gas, curare and lead. In diabetes their amount may be very large. 
Naunyn’ reports a case in which there was an output of 188 grams of 
sodium oxybutyric acid in a single day. 

Table 2 will indicate the various conditions under which acetone 


hodies are excreted, with the maximum amounts as noted by numerous 


observers. 
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IMPORTANCE AND PRACTICAL VALUE OF ESTIMATING THE ACETONE BODIES. 


If acetone bodies are excreted in any considerable quantity, it is 
positive evidence of improper metabolism. Their study is not only of 
value because it furnishes us with knowledge important in making a 
correct diagnosis and prognosis, but also because it affords us a means 
of following our patient’s condition from day to day and of estimating 
the value of the therapeutic measures which we are using. 

In following a case of diabetes mellitus, observations on the acetone 
hody excretion are as important as a knowledge of the sugar output. As 
soon as diacetic acid appears in the urine, however small may be the 
amount of glucose excreted, we sliould recognize that an improper 
metabolism of fat is in progress. The appearance of oxybutyric acid 
indicates that the body cells are burning their fuel even less well, that a 
condition of acid intoxication is imminent, and that coma, however 
remote, may threaten at any moment. 

Recent observations on acid intoxication during confinement and 
following surgical operations makes their estimation of importance in 
these conditions. Such studies should be useful in estimating the value 
of the dietary of large institutions. Here the alienist may find evidence 
of starvation in cases in which it is suspected but unproved. Knowledge 
of the progress of acetone body excretion is of value in all chronic dis- 
eases with tissue destruction and in acute disease with rapid wasting. 

[ think that from what has been pointed out it will be conceded that 
the estimation of the acetone bodies is important and of wider applica- 
tion than is usually supposed. 


A CLINICAL METHOD OF ESTIMATING THE ACETONE BODIES. 


For the purpose of following the acetone body excretion at short 
intervals in general practice the usual quantitative methods are too labori- 
ous. Furthermore, as it has already been pointed out in many cases, a 
very large part of the acetone is excreted by the lungs, the determination 
of the acetone of the breath is an undertaking impossible in general 
practice, but, unless this is estimated, the exact quantitative determina- 
tion of the amount of acetone in the urine is in itself of little value. If, 
however, we could estimate the acetone bodies excreted by the kidneys 
by means of a short, simple method, which requires little time and is 
approximately accurate, it would afford us knowledge of great value in 
following quantitatively the changes from day to day. The need of such 
a method has induced the present study and has led me to devise a simple 
clinical method based on the delicacy of the well-known test-tube reac- 


tion in urine containing the acetone bodies. 
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TABLE 3. 


Diacetic 
Acid. 


Acetone. 


Acid, 


Acetone, 
per liter, 


Name. 


Gerhardt’s. 
Oxybutyric 


Lieben's. 
Arnold's. 


0.014 
Lieben’s positive, Legal’- 

0.015 
negative. Acetone less 

om 
than 0.030 gms. to 1 liter 


Lieben’=s and Legal’s posi 
tive, Arnold's negative. 
Acetone 0.080 to 0.100 


gms. to litre. 


hardt’s negative. Acetone 
0.100 to 0.200 gms. tol 


\" rnold’s positive, Ger 


liter. 


Lieben’s, Legal’s, Arnold's 
and Gerhardt’s all posi 
tive. Acetone more 


than 0.200 gms. tot liter. 
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5, 25. 0 0 0 
M.E.M..| 5, 9,06 0 0 0 
E. R.W..| 3, 26, 0 0 0 
9, 24, 05 0 0 0 
E. W.. 3, 12, "06 + 0 0 0.081 
BM...) 14, & + + 0 0 0.081 
1, 20, 06 : 0 0 0.040 
4, 27, 05 + 0 0 0.0389 
4, 25, 0 0 0.087 J 
mG... 11, 29, (05 + + 0 0 0.080 
E.R. W....| 3, 2, + 0 Hes 0.100 
F.J.M..)| 6, + + + 0 0.160 
C.C. + + + 0.214 
G. H. M... 6, 16, 06 + + 0.340 
+ + + 0.500 
1, 29, "06 + 0.640 
Gi. L. 22,6 + + + 0.800 
Sh & + + 1.333 
J.F.M 1, 3. 06 + 1.000 


| 
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The following conclusions are based on the examination of over 600 
specimens of urine for the acetone bodies: In 350 of these cases, com- 
parative tests were made with Lieben’s, Legal’s, Arnold’s, Gerhardt’s 
and Ehrlich’s diazo tests, in a few Frommer’s, Riegler’s,Lipliawsky’s and 
LLindemann’s reaction were also employed. Quantitative acetone deter- 
jninations were made in over 100 specimens by the Huppert-Messinger 
method. Oxybutyrie acid was tested for by determining the levo-rotation 
after fermentation. Of the 350 specimens in which comparative tests 
were made, 250 were from diabetics; the remaining 100 were from 


TABLE 4.—Case of Diabetes Mellitus. 


Ten c. Urine + 
I c.c. Standard 
Ferric Chlorid 


. . . 
Diacetic Acid 
and Acetone in 


Name. | Solution Dilut- | Tone in Grams 
ed Water to per Liter. 7? 

TABLE &8.—Case of Cyclic Vomiting. 
E. P. A.| Undiluted .... | 0.200 Ace- Diacetic 
R. B.. Undiluted.. ... 0.200 Acid. 
E.A.S...| Undiluted . | 0.500 
J. W.T..| Undiluted . . | 0.532 a|% 
20 c.c. | 0.400 5 | 3 
0.424 | 3 4 
AES. 30 c.c. 500 Aprili2 + | + | Height of Attack 
MB... 20 c.c. 664 + Less severe. 
FR... | | Aprill# + | Still better. 
| Aprilli 0 | 0 o | End of attack. 
60 5.000 | 
M.F... 13.330 
120 c.c. 12.800 


miscellaneous cases, including starvation, abdominal neoplasms, cyclic 
vomiting, pregnancy, operative cases, obesity, febrile (grippe, tonsillitis. 
typhoid, pneumonia, cerebrospinal meningitis) and normal cases. 

The reactions finally selected on account of their relative delicacy and 
ease of application were as follows: 


FOR ACETONE, 


1. Liehen’s Test.—Five e¢.c. of commercial hydrochloric acid were 
added to 50 cc. of urine and distilled. To the first 5 ce. of the dis- 
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tillate there are added 5 drops of a 30 per cent. solution of sodium 
hydrate and 10 drops of iodopotassic iodid solution. If acetone is present, 
a yellowish precipitate of iodoform will be thrown down which may be 
recognized macroscopically, or under the microscope if present only in 
traces. This will detect acetone when present only in traces found in 
normal urine, viz., under 0.020 gram to the liter. Unless special precau- 
tions are taken,® alcohol and aldehyd will precipitate iodoform in the 
same manner ; therefore, this should be borne in mind as a possible error. 

2. Legal’s Test.—To 5 c.c. of the native urine there are added 5 
drops of a freshly prepared 20 per cent. watery solution of sodium nitro- 
prusside and 5 drops of a 30 per cent. solution of sodium hydrate. This 
is poured into a white porcelain dish and glacial acetic acid added, drop 
by drop. The development of a purplish color indicates the presence of 
acetone. This will detect acetone when present in amounts over 0.030 
grams to the liter, i. e., whenever acetone is present in pathologic quan- 
tities. A positive Legal’s reaction is also given by urines containing 
creatinin in considerable amounts, aldehyd and alcohol. 


FOR DIACETIC ACID. 


3. Arnold’s Test.—Two solutions are necessary. The first solution 


is made by dissolving one gram of para-amido-aceto-phenon in 100 e¢.c. 
of distilled water and adding hydrochloric acid, drop by drop, until the 
solution, which at first is yellow, becomes colorless; an excess of the 
acid should be avoided. The second solution is a 1 per cent. watery 
solution of sodium nitrite. Mix 2 c.c. of the para-amido-aceto-phenon 
solution with 1 ¢.c. of the sodium nitrite solution; to this add 3 c.c. of 
the urine to be tested, then 3 drops of strong ammonia. This is poured 
into a white porcelain dish and an excess of concentrated hydrochloric 
acid is added. In the presence of diacetic acid a purplish violet color 
appears which may readily be seen against the white porcelain.” 

In my hands this has proved the most delicate reaction for the detec- 
tion of diacetic acid which we posses. Lipliawsky’s modification takes a 
little more time and seems to be no more delicate. Arnold’s test does not 
react to acetone or B-oxybutyrie acid, nor is this color developed in the 
urine of patients taking salicylic acid compounds. 

4. Gerhardt’s Test.—In this test a stock solution of 50 grams of 
ferric-chlorid dissolved in 50 ¢.c. of distilled water is used. One cubic 
centimeter of this solution is added to 10 ¢.c. of urine. In the presence 
of diacetic acid, in considerable amounts, a purplish red color is devel- 


oped. 
This is not as delicate a test as Arnold’s. Gerhardt’s reaction also 
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occurs in the urine of patients taking the salicylic compounds, phenace- 
tin, antipyrin, ete. 

In my routine work I have come to make use of the above-mentioned 
four simple reactions. Frommer's test*® has not, in my hands, proved 
satisfactory. It seems to answer fairly well to detect acetone when it is 
present in large amounts, but the color reaction is uncertain and exceed- 
ingly slow when only small quantities of acetone are present. Ehrlich’s 
diazo reaction, as first pointed out by Munson and Oertel,™ is a fairly 
good test for diacetic acid, but is neither as reliable nor as delicate as 
Gerhardt’s test."* Riegler’s test'® for diacetie acid is less delicate than 
the ferric chlorid test. The same may be said of Lindemann’s test." 

In the 500 specimens of urine examined, whenever diacetic acid was 
found, acetone was invariably present. A much smaller number were 
examined for oxybutyric acid; whenever this was present the specimen 
invariably contained both diacetic acid and acetone. I believe we may 
feel positive that whenever oxybutyric occurs in the urine it is always 
associated with acetone and diacetic acid. With an excretion of diacetic 
acid there is always an acetonuria. Reversely, however, we may have 
acetone without diacetic acid or oxybutyric acid. Or acetone and diacetic 
acid without the excretion of B-oxybutyric acid. 

We have at present no satisfactory means of estimating the amount 
of diacetic acid in the urine. All quantitative estimations of acetone 
represent acetone plus diacetic acid (if this is present) in terms of 
acetone. Oxybutyrie acid may be accurately estimated by a laborious 
process or may be roughly determined by the degree of polariscopic 
levorotation after fermentation.'® 

In the above series a great many quantitative acetone determinations 


were made with the purpose of obtaining 


g, if possible, a simple method of 
following the increase and diminution clinically of the acetone bodies. A 
few of the typical results, which could be greatly extended if space would 
allow, are shown in Table 3. 

From this table it is evident that there is a fairly definite relationship 
between the delicacy of the above reactions and the amount of diacetic 
acid and acetone present, estimated as acetone. This relationship holds 
good only for fairly fresh urines. After standing for two or three days 
diacetie acid is broken down into acetone and the amount of acetone esti- 
mated is greater than is indicated by the application of the above tests. 

When we come to consider a simple method for estimating the acetone 
bodies when they are present in larger amounts, we meet with the diffi- 


culty that the relative amounts of acetone and diacetic acid in these 
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TABLE 5.—Case of Obesity ( Reduction Treatment). 


Dia- 
cetic 


Acid. 


24 hours, 
| 


erams per 
grams in 


Specific Gravity, 
Cierhardt’s, 
grams in 
rs. 
pounds, 


Reaction. 


= 
> 


| Arnold's 


1026 0 040 23.5 | 241 Mixed diet unre 
stricted, 
1021 ac 4 3 No carbohydrates for 
| 1 week, 
| Fat-proteid + 100 gms. 
wheat bread. 
wheat bread. 
1022 | ac 24.5) 230) | Fat-proteid + 3 slices 
| rye bread and ‘4, 
| srape fruit. 
1024 t 0,100 | 0.132 Fat-proteid + 3 slices 
rye bread and 
grape fruit. 
Mar. 12. 1025 | ac + | 7 0.031} 0.048] 34.3 224%) Fat-proteid + 5 slices 
| . rye bread and 1 
apple. 
Mar. 26. 1026 | ac | 0.019} 0 027] 34.6 | 2289] Fat-proteid + 3 slices 
| rye bread and 1 
apple. 
Apr. 23 . 1021 | ac Fat-proteid + 200 gm-. 
} | wheat bread. 


1019 | 


Loss Of weight in 3 months 25 pounds. 


TABLE 6.— Fever Case. 


Dia- 
Ace- cetic 


tone. Acid. 


24 hours, 


Acetone, per Liter. 


Gerhardt’s, 
Acetone 


Amount 
Reaction. 
Albumin. 
Arnold's, 
Tempe 


April 16. 2h t Fluid diet. 


April 18...) 385 | ac t = 0008 5 Fluid diet. 
April 19... 440 23 | ac t t t 0.152 Fluid diet. 
April 20... 770 ac 0.05 Chop, exes, ete 


April 23. 1016 | ac Full diet. 
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cases is very variable. A rough idea, however, can be obtained in the 
following manner: 

To 10 c.c. of the urine to be tested is added 1 c.c. of Gerhardt’s test 
solution of ferric chlorid (made as described above). This is thoroughly 
mixed and allowed to stand for about two minutes (to permit the color 
reaction to fully develop). Then filter into a test-tube, one-half inch in 
diameter, and compare the color with a similar test-tube filled with the 
standard solution of ferric chlorid described above. If the color of the 
urine mixture is darker than that of the ferric chlorid solution, distilled 
water is added until the color is approximately of the same depth as 
that of the ferric chlorid solution. 

From Table 4, made from the results obtained from a number of 
specimens examined by this method, a rough idea may be had of the 
amount of acetone and diacetic acid in terms of acetone which such dilu- 
tions indicate. 

The practical application of this method is conducted in the follow- 
ing manner: ‘The urine under examination is tested by Gerhardt’s reac- 
tion. If this is positive, we know that diacetic acid and acetone are 
present in an amount in terms of acetone in excess of 0.200 gram per 
liter. If there is a strong Gerhardt’s reaction, we dilute the test solution 
in the manner described above until the color approximates that of the 
standard ferric-chlorid solution. 

If the final dilution indicates an acetone content of half a gram per 
liter or over, we may be reasonably sure that oxybutyric acid is present 
and may proceed to its determination by means of the polariscope. If 
Gerhardt’s test is negative, we apply successively Arnold’s, Legal’s and 
Lieben’s tests, in the order named. A positive Arnold’s reaction indicates 
something over 0.100 gram of acetone per liter. A positive Legal’s reac- 
tion indicates 0.030 gram of acetone per liter. Lieben’s test, if positive 
while Legal’s is negative, indicates the presence of acetone in an amount 
within the normal limits. 


Amount of Acetone in 


Arnold's. Gerhardt's. 
Gram per Liter. 


Positive. | Less than 0.030 
Positive. 0.030 to 0.100 
Positive. 0 100 to 0.200 


— — Positive. | More than 0 200 


= 
Lisbon’. | Leen. | 
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The above tests, with the exception of the polariscopie determination 
of oxybutyric acid and the distillation required by Lieben’s test, may 
easily be completed inside of ten minutes. 

Tables 5, 6, 7 and 8 indicate the method of recording cases and the 
comparative results obtained by actual quantitative determinations of 
acetone by the Huppert-Messinger method. 

I wish to express my obligation to Dr. E. G. Janeway, in whose 
laboratory this work was conducted and to whom I am indebted for a 
large part of the material on which these observations were made. 
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EXPERIMENTAL OBSERVATIONS ON SECRETIN. 


WITIT SPECIAL REFERENCE TO DIABETES AND MALNUTRITION.* 


J. EDWIN SWEET, M.D. 
AND 
RALPH PEMBERTON, M.D. 
PHILADELPHIA, 


The work of Bayliss and Starling+ in ascribing pancreatic activity 
to so-called “secretin,” a produet of union of the acid chyme and intes- 
tinal epithelium, has opened a new field of research in certain branches 
of pathologic physiology. It has been known for some time that the 
introduction of acid into the duodenum would be followed by a flow 


of pancreatic juice, but this had always been ascribed, even by Pawlow, 


to a nervous mechanism. It remained for Bayliss and Starling to show, 
by a series of elaborate experiments in which they completely separated 
the gland from all innervation, that the pancreas responded to some- 
thing which was formed when the hydrochloric acid of the chyme came 
in contact with the mucosa of the upper part of the intestine. 

This substance, they proved, was normally absorbed where formed, 
and carried by the blood to the pancreas, which it at once caused to 
secrete. Certain other substances were found to unite similarly with the 
mucosa and produced the same results. The ultimate nature of this 
exciting agent is not vet known, but it appears to be a fairly stable chem- 
ical compound which can be extracted with alcohol and resists boiling, 
proving quite conclusively that it is not in the class of ferments, as 
we ordinarily understand that term. The discoverers of this compound 
named it secretin, and to the contributory factor resident in the epi- 
thelium they gave the name prosecretin. 

The question of glandular action by chemical messenger or “hormone” 
is one of much importance and possibly of wide application to many 
physiologic processes hitherto poorly understood, especially where no 
clearly demonstrable nervous mechanism is concerned; thus Edkins' has 
described an analogous mechanism which seems responsible, in some part, 
for gastrie secretion. 

In connection with secretin, it has been thought by some that since 

* From the Pepper Laboratory of Clinical Medicine and Laboratory of Experi 
mental Surgery, University of Pennsylvania. 

+ Recent Advances in Physiology of Digestion, by FE. H. Starling, Chicago: W. 
T. Keener & Co., 1906. 

1. Jour, Anat. and Physiol., Lond., 1906, xxxiv, 133. 
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it causes an external secretion of the pancreas, it might also induce an 
internal seeretion having some relation to diabetes. Work has been done 
on this line to which we shall have occasion to refer later. It seemed to 
the present authors, however, that apart from any specific property of 
secretin or prosecretin, its precursor in the intestinal mucous membrane, 
such a fundamental feature of pancreatic activity must be of wider sig- 
nificance. To find pancreatic secretion referable to a definite and well 
localized substance occurring in a certain place only, suggests the query, 
“What would happen if this substance were lacking?” As a function of 
the animal economy it must be subject to disturbances, and such disturb- 
ances might be of the utmost importance to health. 

Cohnheim*:* has shown that perhaps the most important of our di- 
gestive functions, proteolytic digestion, takes place not alone by virtue 
of the pancreatic juice, but also by means of certain other ferments 
(which act in the mucosa of the small intestine), and Vernon* seems to 
have proved that this same ferment action occurs in the other tissues 
of the body as well; but, however this may widen our conceptions of tis- 
sue destruction and construction, there can be no doubt of the prime 
importance of the pancreas and its juice for the purposes of intestinal 
digestion, not only of proteid, but also of the other elements of our diet. 
A failure of this secretion would, in the nature of things, lead us to 
expect a condition of perverted nutrition. It is true that Pawlow has 
produced permanent pancreatic fistule in dogs which survived for some 
time after the operation, but they were fed on special diet, with special 
care, in order that digestion and assimilation might take place. 

With these facts in mind it occurred to us that it might be possible 
to demonstrate a deficiency or absence of these excitors of pancreatic ac- 
tivity in various conditions of malnutrition, and, perhaps, establish some 
etiologic relationship. Edsall® proposes the same thing in connection 
with some suggestive work by him on the role plaved in these same per- 
verted states by the ferment eropsin, mentioned above as being resident 
in the small intestine and first discovered by Cohnheim. Some time since 
we began our work Wentworth® reported] some cases of marasmus in 
which he found no evidence of prosecretin, and he regards this deficieney 
as the cause of the disease. We will refer to this work later. Bain- 
bridge and Beddard’ have reported six cases of diabetes which they inves- 
tigated for the presence of prosecretin with similar negative results. 

2. Ztsehr. f. physiol. Chem., Strassb., 1901, xxviii, 451. 

3. Ztsechr. f. physiol. Chem., Strassb., 1902, xxxv, 134. 

4. Jour, Anat. and Physiol., Lond., 1904, xxvxii, 33. 

5. The Journal A. M. A., 1907, xviii, 1469. 
i. Jour, A.M. A., 1907, xlix, 204. 


7. Bio-Chem, Jour, Liverp.. 1906, i, 429-445. 
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We originally meant to work on the line of pathologie physiology 
indicated above, but on attempting to establish some standard of normal 
action we encountered so many points of interest and difficulty that we 
had first to undertake a considerable series of purely physiologic experi- 
ments. It is the result of these, chiefly, that we wish to discuss. 

We began, therefore, with efforts to excite the pancreas in dogs in 
which a temporary pancreatic fistula had been formed. We injected into 
them, through either the jugular vein or a vein of the hind leg, material 
obtained at the autopsy table, from various pathologic subjects. Our 
methods of work were essentially as outlined by Bayliss and Starling, 
and as far as possible, except where otherwise indicated, we endeavored 
to duplicate the conditions of each experiment in the attempt to be uni- 
form. The human autopsy material was obtained in most instances as 
soon as possible after death, and the periods elapsing between death, 
autopsy and preparation of extract noted. They appear in the protocols. 

The mucous membrane was scraped from the upper four to six 
feet of the small intestine with a piece of plate glass having a smooth 
edge, after the gut had been opened, washed in plain tap water and 
drained as well as possible. It was found that the nature of the gut 
varies considerably in different individuals, making it very difficult at 
times to remove the epithelial lining. In certain elderly subjects the 
membrane seems to be firmly adherent, requiring firm pressure in serap- 
ing to separate it, while in vounger individuals it is removed with less 
difficulty, though rarely giving much bulk of material. In this respect 
the human gut differs radically from that of the dog, sheep and calf, 
from all of which, preparations were made. Although the intestine of a 
dog is less in lumen than that of a human being, the epithelium is not 
only relatively more abundant but actnally so as well, and, furthermore, 
it can be removed with the greatest ease by light pressure, making in 
practically every case examined a greater bulk of scrapings than that 
from a human being. Not only is this true of dogs, but also of sheep 
and calves, in the former of which the gut is very much smaller both in 
lumen and thickness than in man, and it is also scraped more easily. 

The membrane thus removed from the upper four feet of the smal! 
intestine, except where six feet were used, as noted in the protocols, was 
covered with a small amount of dilute hydrochloric acid and ground up 
with sand in a mortar. Inadvertently, acid of slightly less than 0.2 per 
cent. strength was used in the early experiments instead of 0.4 per cent. 
strength, which was adopted later, as noted. 

The mortar contents, after being ground for about ten minutes, were 


slightly more diluted with as little acid as possible (the amounts are 
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given in each case), and transferred to a porcelain dish, where they 
were brought to boiling. A few drops of fairly strong caustic soda so- 
lution were then added, while stirring, until litmus paper showed faint 
alkalinity, and then the reaction was made slightly acid with glacial 
acetic acid, diluted one to three or four with water. A very few drops 
sufficed for this, and with the precipitation of the precipitable proteids 
the supernatant liquid, which had before been thick and opaque, became 
clear and could be decanted. In the earlier experiments the whole con- 
tents of the porcelain dish were strained through unbleached muslin by 
squeezing. It was found, however, that even with most of the proteid 
constituents precipitated as above, it was very difficult to filter the solu- 
tion thus obtained. By the time it ran fairly clear and was free from 
opacity, even with a suction filter, the delay was so great and the amount 
of fluid obtained was so slight that we feared oxidation would render the 
preparation less active, if not inert, as stated by Bayliss and Starling. 
Later preparations were, therefore, made by simply decanting from the 
porcelain dish after addition of acetic acid and filtering this hot liquid 
quickly through coarse paper. At different times filtrates at varying 
stages of preparation were used, some of great opacity and some clear, 
while the supernatant fluid was used at other times without further treat- 
ment; but as far as could be seen the active properties were contained 
no more in one than in the others. Filtration, therefore, seems not to 
affect the activity of the extract, though we can not insist on this point 
as yet. The above solutions were then transferred to small Erlenmeyer 
flasks, sterilized in an Arnold steam sterilizer and used as soon as pos- 
sible. After injection unused residues were resterilized for subsequent 
use. 

The mechanical problems involved in making a pancreatic fistula in 
a dog are peculiar and deserve a short notice. The incision, like all 
physiologie incisions, is of importance secondary to the question of satis- 
factory exposure. Our method was to make a two-inch incision directly 
over the pancreas well to the right of the mid-line. The lower end of 
that portion of the pancreas which is closely attached to the intestine is 
withdrawn, together with the intestine. One can then locate the duct 
by palpating between the thumb and finger the tissue which lies between 
the pancreas and the intestine. The duct will be found lying within an 
inch from the lower end of the attached portion. The duct is then freed 
by careful blunt dissection and traced into the intestinal wall; a longi- 
tudinal incision is made in the duct, as far as possible into the intestinal 
wall, and the canula introduced and tied in place by means of a ligature. 
which passes entirely around the duct. A form of canula which has 


| 
| 
| 
| 
| 


J. EDWIN SWEET—RALPH PEMBERTON. 235 


given us satisfaction is that made with a tip of platinum fused into a 
graduated glass tube. 

The necessity of adopting this technic evolved itself during the course 
of the work. The reason for exposing the duct external to the intestine is 
that the pancreas is one of the most delicate organs of the body, and 


attempts to introduce an adequate canula through the normal opening 


of the duct cause hemorrhages from the mucous membrane of the in- 
testine. The actual mouth of the duct is smaller than the lumen as a 
whole, and hemorrhage is prone to occur also from the mucous mem- 
brane of the duct itself. The hemorrhages thus caused are persistent 
and induce coagulation of the pancreatic secretion. It is advisable to 
trace the duct well into the intestinal wall because part of the duct 
which is common to the upper and lower ends of the pancreas is ex- 
tremely short; often so short, in fact, as to preclude tying a canula in 
place without excluding, by the ligature, the duct of the lower third 
of the organ. 

We were led to the adoption of a canula with a tip of platinum 
because that metal can be wrought very thin and still possess ample 
strength. The lumen of the tip can then be made as great as the lumen 
of the canula, and, indeed, but little smaller than the lumen of the duct 
itself. On the outside of the extreme tip of the canula is a small ridge 
for a ligature, which is necessary to prevent the canula from slipping out 
of place during movements of respiration and peristalsis. 

Extreme care must be taken in manipulating the pancreas. as very 
small hemorrhages frequently occur from the wall of the duct, and the 
admixture of the least amount of serum with the pancreatic secretion 
may cause a coagulum which will effectually block the canula. This 
can be materially prevented by coating the interior of the platinum tip 
and the lower end of the glass with paraffin. The caliber of the duct 
varies so greatly that we have two sizes of canule, using always that 
caliber which most closely approximates the caliber of the duct. 

It will be seen from a study of the protocols that our first attempts 
with human preparations injected into dogs were failures, despite the 
fact that every possible care was exercised to have the conditions of 
preparation of extracts identical with those in preparation of extracts 
from dogs. Of a total of nine human cases from which we tried to obtain 
active extracts, in only two did we meet with certain success. The dog 
extracts, on the contrary, as also the sheep and calf extracts, were ob- 
tained active at the first attempt. We have not recorded a single in- 
stance of failure to obtain a very violent and pronounced reaction from 


them, though in many of the experiments the acidity of the extract more 
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nearly approached the acidity of the chyme in man than that in lower 
animals.* 

It was noted that the extracts from man’s intestines were harder to 
filter than those of animals, and after several failures we decided not 
to attempt much filtration (for which considerable liquid was required ), 
but to use less fluid and decant sufficient for use from this more con- 
centrated preparation. ‘This was done, and, as seen in the records, a 
response was obtained on injection. Active animal preparations were 
obtained from both 0.2 and 0.4 per cent. strength hydrochloric acid, 
but in our series, human preparations of undoubted activity were obtained 
only from the acid of 0.2 per cent. strength. 

In making our first controls we used secretin extracts made from 
dogs, and later on we made extracts from the sheep and calf, just men- 
tioned, in order to satisfy ourselves that there was no specificity of se- 
cretin for any particular genus. The response given by the sheep ex- 
tract was, perhaps, the most violent and pronounced of any witnessed, 
and it seems most improbable that a difference in the nature of the 
human secretin, per se, was in any way responsible for the failures fol- 
lowing its injection. 

During the course of the experiments fresh extracts were prepared 
from dogs, solely as controls of known activity, in testing human prepa- 
rations under consideration. It, therefore, seems that although the acid 
extract of human intestinal membrane is higher in those presumably 
proteid and gelatinous constituents which make it difficult of filtration, 
the human intestine is not only relatively but actually lower in its content 
of prosecretin than is the intestine of some lower animals. The greater 
bulk of epithelium which can be removed from the animal gut doubtless 
accounts for this, and it appears that this is, perhaps, a provision of 
Nature, in keeping with other differences shown in the various species. 
For example, the acidity of the gastric secretion in a dog is greatly in 
excess of that in man, reaching 9.5 per cent. in order that he may digest 
the large pieces of meat swallowed without mastication. R. Meade 
Smith*® gives a series of analyses of gastric contents in man, dog, sheep 
and horse, of which the hydrochloric acid in man, in 1,000 parts, was 
3.19; in sheep, 4.05; in a horse (diet of oats), 4.9: in a dog, 17.13, 
from which it will be seen how greatly in excess of the human average all 
of these are. It seems probable, therefore, that the greater provision of 
epithelium (and, therefore, presumably of prosecretin) is to keep pace 
"© Since writing the above, we have made additional secretin preparations, in 
another connection, from about eight more dogs, and in every instance have ob- 


tained extracts of great activity. 
8. Physiology of the Domestic Animals, 1889. 
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with this large amount of acid and to excite a copious and equal alkaline 
secretion from the pancreas. Certain it is that under the above condi- 
tions the preparation of an active extract of secretin is more difficult 
from man than from animals, and it may be for the reason stated above. 

We intended, at one time, to take equal weighted amounts of intes- 
tinal scrapings from man and dog and dilute them with large and equal 
amounts of acid. We hoped to show by this that, whereas, the dog epi- 
thelium would yield an active extract even with considerable dilution, 
none would be obtained from the human, for the above reason. Unfor- 
tunately, however, we had to stop work temporarily at this point, but 
the same fact is indicated to all intents and purposes by the last human 
case tried, reference to which will show that only 65 c¢.c. hydrochloric 
acid were used. The preparation was inactive, or at best but slightly 
and very questionably active, whereas a coincident extract of a dog was 
diluted with over twice that amount of acid and still gave a violent re- 
sponse. The respective amounts of intestinal epithelium removed were 
not weighed, but were roughly comparable in bulk.* 

In view, therefore, of the difficulties recorded in obtaining active 
human preparations, we feel that caution should be exercised in basing 
conclusions on negative results which are not fully controlled and in 
which the flow of juice is not accurately measured. The measurement 
is not so much for comparison between the individual animals injected, 
because each is (within limits) a law unto itself as to the rapidity and 
amount of flow, but for each case there should first be established some 


dependable standard of secretion as a normal on which can be based 


exacerbations due to injections. 

It seems that entirely apart from differences in the sizes of animals, 
which would determine variations in flow, the rate of flow and amount 
of pancreatic juice obtained vary with the period of digestion. It thus 
seems easier to excite a flow of pancreatic juice when the animal has been 
fed within a few hours than when it is fasting. Furthermore, the copious 
flow thus obtained is calculated better to prevent.the formation of clots 
which form so readily both in the canula and witjfhin the excretory duct 
itself, as mentioned above. Consequently, in our later experiments, we 
used dogs which had been recently fed. 

For the above reasons and for others which will appear later we are 
led to accept with reservation, the finality of Wentworth’s findings in 
“Since above was written we have obtained a violently active preparation 

4 


from a dog's intestines, with a dilution of 310 e.c. — N HCl. 
10 
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cases of malnutrition because we know how easy it is to obtain an inactive 
extract in a subject from which there is every a privri reason to expect a 
response. ‘To turn to his interesting work in which he records an absence 
of secretin in a number of cases of marasmus examined, several points 
call for consideration. 

In the first place, he details a series of cases of marasmus and some 
also of new-born children, in which he finds secretin absent. He believes 
this deficiency of secretin to be due to an insutlicient quantity of hydro- 
chloric acid in the stomach of these children, this, in turn, being caused 
by ihe fact that the milk of each species has some specific element which 
is necessary to its perfect digestion by that species, and in the case of 
imarantic human infants fed on cow’s milk, for example, this is lacking. 
Without questioning the evidence in favor of the latter contention, in this 
particular connection, let us consider the reported absence of secretin in 
the newborn. 

The citation of this deficieney is evidence, it seems to us, in support 
not of the unknown and unlikely possibility that a child is thereby un- 
qualified for pancreatic digestion of its mother’s milk (which we know 
clinically is not the case), but rather that this “absence” of secretin is 
another instance of the difficulty of obtaining it under a considerable 
variety of circumstances and in, perhaps, a number of pathologie condi- 
tions. In point of fact, secretin has been found in both the embryo and 
the newborn, and in the human as well as in the animal species,” '° which 
would go to prove that some of the many factors to which we refer as 
making secretin at times difficult of extraction, have been operative with 
Wentworth, not only in these children at birth, but, perhaps, as well in 
those cases of malnutrition on which he bases his report. Failure to 
detect it in the newborn seems an evidence against the very specificity 
of its absence in pure marasmus. 

In both of these conditions, as we have tried to indicate, the evidence 
for the absence of secretin as against a frequent general difficulty of its 
extraction under many circumstances, is very incomplete. We feel, 
therefore, that the whole question of the activities of digestion is much 
too complicated to justify the assumption at present that marasmus is 
referable to a factor so difficult of exact definition as the absence of 
secretin, 

That this absence should, furthermore, he dependent on a deficiency 
of hydrochloric acid, and this, in turn, on a specificity of milk, seems an 
lhivpothesis ealeulated bevoud the facts at our command. With our pres- 


% Camus: Compt. rend. Soc, de biol., Par., 1906, Ixi, 59. 
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ent knowledge of the subject, we feel that the properties and activities of 
secretin are much too unmapped and too little understood for us in- 
telligently to ascribe a great morbid state to its deficiency alone, and 
when it comes to building further on this foundation the question be- 
comes one of almost pure hypothesis. As a general principle, we know 
that the interdependence of the various digestive and assimilative proe- 
esses is against such specificity, and we are beginning to recognize this 
interdependence as much wider than was hitherto thought. In illustra- 
tion of this Abelmann and Sandmeyer' have shown that complete extir- 
pation of the pancreas from dogs is followed by the absorption of 33. to 
15 per cent. of non-emulsified fat. Again, if the connection between the 
pancreas and the intestine is cut off completely and permanently, the 
pancreas itself remaining wholly or partially in the system, it is found 
that the absorption of fat may be maintained (80 per cent.) for a con- 
siderable length of time.’? The work of Briicke, Voit and Bauer, Heid- 
enhain, Friedliinder and others'® abundantly proves that the protein of 
flesh, as well as both serum and egg albumin, may be, in part at least, ab- 
sorbed as such; from which alone we see the abundant provision of Na- 
ture against the weakness of a single part in her complicated system of 
nutrition. 

That some disturbance of the amount of secretin may be a link in the 
chain of events which produces infantile atrophy we readily grant, and, 
in fact, had started work on the basis of an analogous hypothesis; but 
that the other links of the chain are known, or that a causative deficiency 
or absence of secretin has been established in that interesting condition, 
we can not at present believe. 

An examination of the work of Bainbridge and Beddard on diabetics 
will show that they measured the flow of juice in drops and cubie centi- 
meters. This method of measurement seems to be open to some criti- 
cism. The output of such an organ as the pancreas is, in the nature of 
things, a relatively small quantity, and exacerbations of flow can not be 
appreciated within small limits when the index is so crude. The method 
of Bayliss and Starling is certainly the most graphic and satisfactory for 
recording the flow, where at all practicable, but it requires that the tube 
be filled and the juice allowed to drop on a recording tambour. With 
weak preparations or where, for any reason, there is difficulty in obtain- 
ing a steady flow, the first output may be ample to indicate the activity 
of a given preparation and vet quite insufficient to fill a canula of tive 
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inches, much less to drop from the end of it. For these reasons, we found 
a graduated canula better adapted to our needs. 

In regard to the estimates of flow given by Bainbridge and Beddard, 
it can be said that with an actively functionating gland there is, at most 
times, a flow, and the statement that a drop or a cubie centimeter resulted 
from an injection is somewhat questionable information as to whether 
the gland was stimulated or not, in the absence of data giving the normal 
rate of secretion. It assumes that the tube must be full at all times, but 
from such a tube drops might fall with varying speed, due, for example. 
to changes in blood pressure, which is appreciably lowered by the injec- 
tion. Again, if such a tube be filled, more powerful respiration or any 
unusual movement of the animal may induce a change of level in the 
tube and consequently cause a drop to fall. Bainbridge and Beddard give 
no data of time elapsed when recording flows which took place or failed to 
take place after injection. In Case 5 of their diabetic series they obtained 
0.6 cc. a response greater than that from some of their normal prepara- 
tions, as, for example, that from a normal cat, and yet this response is 
recorded as moderate. Case 6 gave persistently one drop in response, 
and Case 4 gave two drops on two occasions, and it seems to us that in 
both instances these were indications of responses which might have 
heen more marked had there been, perhaps, less dilution of the secretin, 
or more regard for the relative difficulty under many cireumstances of 
extracting it from human intestines. A deduction from this that secretin 
is diminished in amount in these particular cases seems to us hardly to 
he justifiable. The same authors, unfortunately, omit also to give the 
amounts of juice secreted in their series of controls, and state merely 
that they were abundant, fair or moderate, by which very little compari- 
son can be made with their later work. Bainbridge and Beddard con- 
clude that “in only one of six cases of severe diabetes was prosecretin 
present in amount approximating the normal,” and in the other five 
cases they say that prosecretin “was either absent or present in very 
small quantities,” but we feel that without more accurate methods of 
establishing a standard of reaction and of measuring the flow such results 
must be accepted with reserve. Bainbridge and Beddard speak, for ex- 
ample, of a maximum and minimum dose without stating what either is, 
and it would be of interest to know the dilution with acid of the intes- 
tinal serapings. Other observers, as Moore, Edie and Abrams, quote the 
above work as evidence that secretin is absent in many cases of diabetes, 
but it may well be that the failure to react was at times due to some of 
the factors which have prevented us from getting responses. It is to be 
remembered, furthermore, that in an individual the subject of a chronic 
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wasting disease, such as diabetes or marasmus, the intestinal epithelium 
shares with the other bodily structures a degree of atrophy, perhaps sec- 
ondarily, and the reduced bulk may require different treatment to develop 
the properties still present within it. This, again, may have been the 
cause of a certain number of failures. 

Therefore, we are forced to conclude that, while the absence or deti- 
ciency of secretin may be a factor in certain varieties of diabetes, the 
evidence of this, hitherto adduced, is not convincing to all of those who 
have worked on the pancreas and its excitation. 

In order to obviate the possibility that postmortem change was re- 
sponsible for some of our failures, we killed a dog, kept the body on ice 
for thirty-six hours and then removed the upper part of the small intes- 
tine. This we kept on ice for another fourteen hours, and then worked 
up as usual, with the result to be mentioned presently. It had occurred 
to us also that another possible source of failure was the necessarily re- 
stricted diet of most hospital patients who come to autopsy, so that the 
dog above mentioned was fed for about one week prior to death on a pure 
milk diet. Evidence of the fact that he had been well starved was the 
condition of the stomach and small intestine, both of which were full of 
sawdust, which had formed part of his bedding. He had, of course. 
attempted to satisfy his hunger by eating it. The extracts from the 
intestine of this animal were powerfully active. 

We wish to emphasize the fact that in testing the human preparation 
a response was in all cases first obtained by means of a known active 
extract in order to obviate failure from causes other than inactivity of 
the preparation in question, and following its injection known active 
extracts were again used wherever possible. This inclusion of an inac- 
tive human preparation between two plainly active animal extracts 
would seem to narrow down the failure of response to some feature of the 
preparation itself. 

Another thought which suggested itself was that the strength of the 
acid used in working up the preparations might be responsible for some 
negative results, but reference to the records will show that we eventually 
obtained active extracts from dogs, with both weak and strong hydro- 
chloric acid, as referred to earlier, so that the formation of secretin 
apparently is not dependent on the peculiar acidity of the chyme in any 
particular animal. It would appear probable also that neither fasting 
nor the nature of the diet has any marked influence on the qualities of 
an extract. 

Some of our active preparations were used a number of times, and 
we found that if kept sterile, an extract will retain its efficiency for many 
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weeks, though it deteriorates slowly, as stated by Bayliss and Starling. 
The reactions caused by the injection of equal amounts grow less intense 
as time goes on and finally cease altogether. One of our extracts showed 
activity for at least nine weeks, which is the longest recorded period of 
which we have any knowledge. 

Finally, we come to the consideration of those human cases in which 
we found secretin positively present. They were two in number, re- 
spectively Cases 8 and 10, out of a total of nine examined. In two other 
cases there was some evidence that it was present also, though we were 
not convinced of the fact at the time of the experiment. They were 
Cases 14 and 15. It may be, of course, that failure to demonstrate any 
secretin in the remaining cases was due to the fact that these cases pre- 
sented some of the pathologic conditions originally the subject of our in- 
vestigation. This can not be asserted, however, with our present knowl- 
edge of the subject. As a corollary to this is the record of the presence 
of secretin in a case of pulmonary phthisis (Case 8) and a case of chole- 
lithiasis with jaundice and cardiorenal disease (Case 10). Two cases 
are, of course, inadequate in number to warrant definite conclusions, but 
it might seem from them that the absence of secretin is not a causative 
or accompanying feature of these diseases. 

It is of some interest to consider the nature of the various cases in 
which no secretin could be detected positively after repeated injection of 
various preparations from them into different dogs (which responded to 
other stimuli). These cases represented, respectively, the following dis- 
eases: tabes dorsalis, lobar pneumonia, fracture of the skull, pseudo- 
hypertrophic muscular dystrophy complicated by phthisis, uremia (or 
possibly epilepsy), phthisis, and erysipelas following debauch. 

It will be noted that one of our active extracts was from a case of 
phthisis (Case 8), and yet we were unable to get positive results from 
two other instances of this disease. In one of them (Case 14) there was 
some evidence of a response, but, as indicated above, we do not feel war- 
ranted in regarding it as certain. The other was complicated by muscu- 
lar dystrophy, which is a rather suggestive result, though, of course, by 
itself of no value whatever. It is conceivable, however, that this last 
interesting and baffling condition may be found to be due to some factor, 
perhaps as yet undiscovered, which affects the construction of tissue. In 
this connection, one of the present authors has made some attempt, as yet 
unsuccessful on account of the paucity of cases and the difficulty of the 
procedure, to investigate the proteolytic and proteoconstructive ferments 
found by Vernon to be present in nearly all tissues. An absence of one 


or more of these from muscular tissue might possibly stand in some 
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relation, primarily or secondarily, to the well known metamorphoses of 
this disease. 

We have been unable to account satisfactorily for an initial spurt in 
the flow of juice which often occurs when a canula is first introduced suc- 
cessfully into the common duct. The more ready and the quicker the in- 
troduction, the more marked the initial spurt, which in a minute or so 
subsides to what may be called the normal rate of flow. Bayliss and 
Starling state that there seems to be little or no diminution in activity 
after prolonged stimulation of the pancreas with secretin, and they quote 
one case which seemed to have lost an activity after stimulation for a total 
of 8 hours. Without questioning this finding, our experience has been 
that the pancreas reacts best to early injections, and that after repeated 
excitations the response is less marked in amount and violence. It would 
seem much more in the nature of things that the organ should become 
exhausted in time, but we made no observations directly to this end and 
can not, therefore, offer anything more positive on this point. 

There can be no question that there remain a great many features in 
connection with this interesting subject of pancreatic excitation which 
call for investigation. It is our hope to pursue some of them in the near 
future, and it is only because of the growing activity in this line of work 
as well as the evident need for accurate observations that we wish to pub- 
lish, at this time, the results of our own experience. 

CONCLUSIONS, 

1. There would seem to be some factor which makes the preparation 
of secretin from human intestines more difficult than from the intestines 
of some animals. 

2. This factor may depend on the relatively great abundance of mem- 
brane in these animals and consequently greater amount of proseeretin. 

3. The abundance of mucosa may be, in part, a provision of Nature 
in order that the strongly acid chyme of some animals may meet with a 
quantity of pancreatic juice sufficient to neutralize it and effect digestion. 

4. Active preparations of secretin can be made with hydrochloric acid 
of widely varying strengths, and activity, in vivo, is apparently not de- 
pendent on the peculiar acidity of the chyme in any particular animal. 

5. Dieting and fasting seem to have no appreciable effect on the 
activity of an extract. 

6. Time elapsed between death and the preparation of the extract 
(within limits) does not seem to be a factor. 

%. Caution should be exercised in basing conclusions on work not 
thoroughly controlled, as the demonstration of secretin may be prevented 


by many factors not easy of determination. 
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8. In investigating for its presence, the normal flow and the exacerba- 
tions should be measured carefully by means of some accurate gauge. 
such as the rate of flow through an accurately spaced canula or by the 
recording of time drops with a tambour. 

%. The evidence so far adduced that secretin is absent in some varie- 
ties of diabetes does not seem conclusive. 

10. The specific absence or deficiency of secretin in marasmus seems 
to remain as yet unproven. 

We wish to express our thanks to Dr. A. J. Smith, Dr. Samuel Leo- 
pold and Dr. L’Engle for courtesies shown at the autopsy table in obtain- 
ing material, and especially to Dr. David L. Edsall for his helpful in- 
terest in the work. 

PROTOCOLS. 


It should be stated that the flow of juice was at times hard to record, because 
after introducing the canula into the pancreatic duct, the intestine and attached 
duct were replaced in the abdominal cavity where they were more or less out of 
reach and somewhat covered over. The canula generally became partly coated 
with blood, which often obscured both the markings upon it and the juice within 
it. The deep position within the abdomen of the duct and proximal end of the 
canula increased this difficulty, so that it became necessary at times to count from 
the outer end of the tube instead of from the inner. Where this occurred it is so 
stated. 

The caliber of the canule used varied somewhat as did the markings on them. 
In cases where the flow was slow, fine gradations were required to measure its ad- 
vance. In cases where it was very rapid, we were often unable to note its rate 
by the one-eighth inch gradations alone and had time to measure the progress at 
intervals of five divisions only. 

When the canula became filled, it was emptied by sucking through a still finer 
ylass tube, introduced within it to the lowest gradation desired. 

The notes of our cases are as they were made at the time. The strength of 
acidity of the preparations was not measured regularly, but from several titra- 
tions, made at various times, they approximated the following: 


8 cc. secretin extract = 0.1 ce. — N NaOH. 
10 
In our first experiments, having then no controls of known activity, we estab- 


lished a flow of juice by the injection into the duodenum of 25 ¢.c. of — N HCI. 
10 


Several attempts were made to obtain permanent pancreatic fistule in dogs, 
but the difficulties in the way of the proper after-care of the animals caused us 
to work with temporary fistule instead. Our animals were kept under complete 
ether anesthesia, and at the end of the experiments they were killed. 

We desire to give our observations at length, because they seem to us to show 
the difficulty in reaching dependable conclusions even when every effort is made 
to be accurate. That this difficulty must be greater with estimations which are 
more approximate, is self-evident. 

Case 1.—Feb, 28, 1907. A. M., male, white, age 53 years. Philadelphia Hos- 
pital. Died, 7:45 p. m., February 27. Autopsy performed 4 p, m., February 28, 
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Pathologic Diagnosis: Emphysema and edema of lungs; brown atrophy of heart ; 
chronic cystitis; pyemic kidney; hypertrophy of prostate; tabes dorsalis. 

Thirty-six hours after death, upper four feet of intestine extracted and put 
over night in ice-chest. Seraped with much difficulty, as it was very tough. 
Whole quantity (what could be held in man’s hand, perhaps) covered with 0.2 
per cent. HCl (100 ¢.c.) and ground in a mortar with sand. About 300 ¢.c, HC] 
then added; whole squeezed through mesh, filtered and then sterilized in autoclave. 

No reactions were obtained with this preparation, 

Case 2.—March 31, b907. J. C., male, colored, age 42 years. Philadelphia 
Hospital. Died, 4 a. m., March 31. Autopsy performed, 1:30 p. m. same day. 
Pathologie Diagnosis: Croupous pneumonia, gray stage, with cavity from poor 
resolution; acute fibrinous and chronic adhesive pleurisy; chronic adhesive peri 
splenitis and chronic interstitial splenitis, fatty infiltration of liver and chole- 
lithiasis; acute parenchymatous nephritis, superadded to slightly fibroid kidney. 

_ Upper four feet of intestine used; 125 ¢.c, 0.2 per cent. HCL: boiled, neutral- 
ized, acidified, ete., at night, March 31, 1907. 

April 1, 1907, almost impossible to filter; most of solution lost in attempt; 
about 40 ec. left, which were used. No result, though good reactions were ob- 
tained with 0.2 per cent. HC] thrown into duodenum twice; secretion of juice 
unusually free, both when canula first introduced and when HCl was injected into 
duodenum; presumably because of recent feeding, as gut at first was full of food. 

Case 3.—April 5, 1907. Large black bitch, very fat, killed with gas. No 
previous operation on animal. Four feet of intestine cut out (with pylorus) 
within one-half hour of death, and scraped, ground and diluted with 225 c¢.c, of 
0.2 per cent. HCl; some fat in filtrate, which filtered slowly but better than last. 
Sterilized and finally free from evident fat. 

Case 4.—April 16, 1907. C. M., female, white, age 52 years. Philadelphia 
Hospital. Died, 8:30 p. m., April 14. Autopsy performed 5:30 p. m., April 15. 
Coroner’s case. Pathologic Diagnosis: Chronic parenchymatous nephritis; tuber- 
culosis of lungs; chronie myocarditis; right-sided subdural hemorrhage. The 
tuberculous involvement was relatively slight and in no way the cause of death. 
Clinical Diagnosis: Fracture of skull. 

Intestines easily seraped, normal in appearance; 250 ec. HCl used; run 
through quite rapidly and not filtered perfectly clear in order to avoid possible 
oxidation. No reactions were obtained with this preparation. 

CASE 5. -April 17. 1907. Medium large, male, woolly dog. Uleers and worms 
in intestines; dog had been bled five days before; killed 12:30 p.m. Intestines 
worked up instantly. 

Case 6.—April 23, 1907. E. B., male, white, aze 15 years, Philadelphia Hos- 
pital. Died, 5:30 a. m., April 22. Autopsy performed about 4 p. m. same day. 
Pathologic Diagnosis: Fibrinous pleuritis of right side; fibrous pleuritis of left 
side; purulent bronchitis, peribronchial pneumonia, pseudo-lobar pneumonia, 
edema, congestion and emphysema of lungs; subacute nephritis with passive con 


gestion; acute congestion of spleen; passive congestion with fatty metamorphosis 


of liver; pseudo-hypertrophic muscular dystrophy. 

Intestines scraped April 25, 12:30 p. m.: 200 ¢.c. 0.2 per cent. HC] used. In 
testines thin but not anemic; small amount of mucosa relatively, much less than 
small dog; filtered quickly. No reactions were obtained with this preparation. 

Case 7.—May 1, 1907. Rather large fox terrier bitch. Dog fed on milk for 
five to six days; killed on morning of April 29, and put on ice. Dog quite thin 
and stomach and upper part of bowel filled with dark brown sawdust. At 3 p. m., 
April 30, four feet of bowel were cut out and put on ice. May 1, 3 p. m., worked 
up for secretin. Bowel pale and membrane came off rather less easily than usual, 
and made rather small amount; 150 c¢.c. 0.2 per cent. HCl] required altogether: 
filtered quickly and clear at once. 
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CASE 8.—May 4, 1907. H. Z., male, white, age 21 years. Philadelphia Hos- 
pital. Died 9:15 p. m., May 3. Autopsy performed at 4:30 p. m., May 4. Path- 
ologie Diagnosis: Hydropericardium; serofibrinous pleuritis; atelectasis and 
chronic pulmonary tuberculosis; chronic parenchymatous nephritis; slight fatty 
infiltration of liver; pneumo-thorax. 

Body of a fairly well nourished man. Dark grumous material in lower bowel. 
Upper five feet of intestines look green-yellow as though from bile; tuberculous 
ulcer low in ileum (ten feet down or more), Peyer’s patches swollen; 0.2 per cent. 
HCl used; six feet of intestine taken; made considerable bulk, more sand than 
usual needed; 300 ¢.c. HCI altogether; filtered with much difficulty and slowly; 
various filtrates used, and sterilized May 4, 8 p. m. 

Above preparation active. 

Case 9—E, F., male, black, age 40 years. Philadelphia Hospital. Died 6 
p. m., May 6. Autopsy performed, 3:30 p. m., May 7. Pathologie Diagnosis: 
Brown atrophy of heart; edema and healed tuberculosis of lungs; slight chronic 
interstitial nephritis and parenchymatous nephritis; chronic passive congestion of 
spleen. Clinical Diagnosis (in part): Uremia or epilepsy. 

tody well developed and nourished. Intestines worked up, 4 p. m., May 7: six 
feet used, 250 c.c. HCI. 0.2 per cent. Considerable scraping, which came off much 
more easily than usual. Small pieces of pancreas left on the back of bowel, pos 
sibly some seraped off too; filtered quickly and various filtrates and supernatant 
portions taken. 

¢. 9., Supernatant plus HCl without anything else. 

Supernatant plus HCl plus alkali and acid. 

The latter was much more liquid than the former because the albumin coagu 
lated and settled. Supernatant portions and those treated with alkali, ete.. were 
filtered and finally some supernatant fractions were squeezed through muslin as 
usual and filtered. In working up this preparation it seemed to us most probable 
that it would be active, but it was not. 

Case 10.—K. F., female, white, age 52 years. Philadelphia Hospital. Died 
12:30 a. m., May 18, 1907. Autopsy performed, 4:30 p. m. same day. Pathologic 
Diagnosis: Cloudy swelling of myocardium; dilatation of both ventricles; chronic 
passive congestion of spleen; cholelithiasis; general biliary pigmentation; hyper- 
trophie cirrhosis of liver. 

Body well developed. Six feet of bowel used; worked up, 3:30 p. m., May 
19. Bowel membrane dark green, small amount of scraping which is watery and 
fluid; 75 ¢.c. of 0.2 per cent. HCl required, and mixture treated as usual. Rushed 
through without delay, and supernatant fluid as well as filtrate used. 

This preparation was.active. 

Case 11.—Calf. Intestines from abattoir. Animal several months old prob 
ably; membrane much like dog; bowel smaller; four feet of intestine and 120 c.c. 
0.2 per cent. HC] used; unfiltered and filtered both taken; none squeezed through 
mesh, Membrane came off very easily, as does dog's, and made quite a little pile, 
though less than a large dog, as intestines are smaller, the size of a fountain pen. 

Case 12.—Sheep. Intestines from abattoir; smaller than calf, though animal 
(sheep) probably one year old. Seraped with greater difficulty and connective 
tixsne came off with membrane, giving long strands in mortar; made a relatively 
small amount of seraping which did not seem to become digested by the 0.2 per 
cent. HCl, and made a gelatinous mass; 85 ¢.c. acid used. Supernatant fluid and 
filtrate both used. 

Case 13.—On Mat 21, 1907, a large puppy, setter type, was unsuccessfully 
operated on for a fistula and injected with secretin, and then the bowel removed 


and put on ice same day, about 6 p. m. 
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May 26, 3 p. m., bowel worked up. Membrane very loose and some loose 
material adherent to membrane, within bowel, apparently being cast off. No 
odor; in good condition; scraped easily, upper part more easily than usual; 
made considerable bulk ; 125 ¢.c. 0.2 per cent. HCl used, All filtered, none squeezed 
through mesh, 

Case 14.—A. R., female, white, age 17 years, Philadelphia Hospital. Died 
12:30 a. m., May 27, 1907. Autopsy performed 5 p. m. same day. Pathologic 
Diagnosis: General miliary tuberculosis; chronic parenchymatous nephritis; 
pneumonia; typhoid (7%); fatty infiltration of liver. 

Secretin worked up morning of May 28, and 0.4 per cent, acid used (4.1 ¢.c, of 
1.2 sp. gr. HCl taken and diluted to 400 ec. with HO); 75 ¢.c. acid required, 
Considerable bulk of membrane, which was thin, pink and scraped easily; filtered 
rapidly. 

This preparation was unquestionably active. 

Case 15.—T. MeK., male, white, age 50 years. Philadelphia Hospital. Died 
7:40 a. m., June 16, 1907, Autopsy performed, 12 noon. Clinical Diagnosis: 
“Drink,” erysipelas. Pathologic Diagnosis: Edema of lungs; acute vegetative 
endocarditis; cloudy swelling of myocardium; recent fibrous pleurisy; cloudy 
swelling of liver with fibrosis; acute diffuse splenic hyperplasia with multiple 
infarets; acute parenchymatous nephritis. 

Worked up, 1:30 p. m., same day. Abundant scrapings; bowel somewhat red 
and injected on scraping, but not before; considerable loose superficial mucoid 
material, as though there had been a catarrhal process. Scrapings made consid 
erable bulk; six feet of intestine taken; 0.4 per cent. acid, only 65 ¢.c. used 
altogether; mixture was quite concentrated. Supernatant fluid was decanted and 
some filtered once only. The remainder not filtered at all. 

This preparation was questionably active. 

Case 16.—June 18, 1907. Intestine of Irish terrier worked up; operation for 
fistula to-day failed; considerable scrapings; 150 c¢.c. 0.4 per cent, acid used; all 
filtered. 

Observations on the levels reached by the pancreatic juice as it flowed in the 
canula, before and after injection of secretin. Markings are 4% inch apart. 
Canula about 1% inch in diameter. 

Aprit 2, 1907.—Smaut Fox Terrier. Usep Here Contains FIrreen 
DIVISIONS. 


At 3:34 p. m. at No, 6. Count from 3:53, still hardly reached 9 from 
0. Had been between 5 and 6 for outer end, 
several minutes; flowing pretty 4:00, still at 9. 
steadily after original spurt until Secretin, (Case 2. J. C.) thrown in, 
within past ten minutes. aus, 
3:37, still at 6. 4:06, has just passed 9. 
3:40, at 8. 
3:42, at 9. 
3:44, at 14. 4:11, at 814. 
25 «ec. HCl thrown in duodenum at 
3:37; at 3:40 juice in canula sucked 


out by means of fine glass tube. 
3:47, at 314. 10 c.c. more injected (4:13). 


4:081,, has not moved, 
10 ec. (Case 2, J. C.) thrown in at 
4:11 (left lew vein). 
4:13, no movement. 


3:48, going slowly. 4:15, moving apparently at nor 


3:51, nearly 5 (nearly 9 from mal rate, very slowly, has not 
outer end), touched 8, 
3:52, going slowly now. 4:20, barely at 8. 
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4:21, 25 ec. HC. thrown in duod- 
enum. 

4:25, has moved and left 8. 

4:27, at 714, evidently moving. 
but rather slowly. 

4:28, apparently stopping at 7'. 
from far end. 

4:29, at 6. 

4:30, at 5. 

4:301 at 4. 

4:31, at 2. 

4:32, at 1. 


4:33, at 0, tube filled. 
4:3314, emptied to 10 from outer 
end. 
4:35, not quite to 9. 
4:36, apparently stopping just 
short of 9. 
4:39, stopped at 9. 
4:43, stopped at 9. 
Apparently a very faint reaction to 
HCl in bowel, probably because of 
clot, but none to secretin. 


6, 1907.—Fox Terrier Doc, Orperatep On. 


3:11, tube nearly filled: juice 
hardly moving. 

3:16, 814 from outer end. 

3:22, at 81. 

About 3 ec. dog secretin (Case 3) 
thrown in, about 3:25. 

3:30, at 8. 

3:33, at 2. 

3:35, filled up. 

3:36, sucked out to 11; tube filled 
with air bubbles and effort to 
remove them consumed some 
moments. 

3:39, movement apparently over 

3:39, at 9 14. 

3:41. at 8, moving still, but moves 
slowly. 

3:43, nearly at 7. First big jump 
was made in about 2 minutes. 


3:50. just at 6, 

> 


3:56, at 5%. 

Amounts were thrown in: were hard 
to estimate, but the syringe held 10 
ec. Much of it escaped behind the 
plunger, though a few c.c. could be 
seen going into vein, 

4:0), at 4. 
4:04, at 3%. 
4:05, at 3. 

A few minutes after first injection 
another was made, time not noted 
in confusion, but about 3:30; a 
marked reaction followed first in- 
jection. promptly, violently, and 
about the same time the other (sec- 
ond) injeet.on was given. 


4:10. at 2. Moving quite uni 
formly, though not nearly so 
rapidly as at height of activity. 

4:131,, at 1. 

4:1714. tube filled, zero, 

4:18, emptied to 11. 

Some secretin (Case 3) thrown in at 
4: 


:21, at 914. 

barely at 9. 

7:24, at 8%. 

:25, at 844. 

:26, moving faster than it has 


for some minutes, at 8S now. 
:27Y,, has passed 8. 

:29, at 714. 

at 6%. 

23314. at 62/5, 

235, at 6. 

738. at 514. 

3914, at 44/5. 

emptied to 10%. 

245%, nearly 10. 

at 10. 

:47, at 9%. Same rate of flow 
as before: 10 cc, thrown in. 
at 91/5. 

749, at 8. 

74914, at 7. 

25014, at 6, 


4 
4: 

4 

4 

$:51, at 4%, 

4:51, at 4. 

4:52, at 1. Slight coughing. 
4:52! tube filled. 

4:531,, sucked out to 10 
4:54, at 9. 

4:5414 it 

4:55, at 7 

4: 


:56, apparently going a little 
slower, at 6%. 
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Sucked out and count made from 
proximal end. 
5:19%4, at 0. 
5 


i at I. 


5:04, at 2. 10 seconds later, at 
5:09, tube filled. 5 seconds later, at 
0, sucked out to 11. 5 seeonds later, at 


11 


at 10. 5 seconds later, at 

25 e.c., 0.2 per cent. HCl 5 seconds later, at 
thrown into duodenum. s seconds later at 

5:13%, at 9. 5 seconds later, at 

5:1444, at 8, moving visibly 5 seconds later, at 
faster. Filled up. 

5:14%, at 6. 5:2114, at 0. 

5:15, at 4; 2 divisions in 15 see 5 seconds later, at 


onds; tube overflows at 5:15%. 5 seconds later, at 
5:1614, sucked out to 8. Flow 8 seconds later, at 
ing faster than ever yet seen. 10 seconds later, at 
9:17, tube filled. Dog struggling 10 seconds later, at 


somewhat from lack of ether. IS seconds between next mark, get 
ting slower. 
Dog killed, at 4:25. 


Results marked, Second injection did not enter veins as they were blocked 
up. Third injection of secretin was made into left leg by a new opening and new 
syringe; all went in, 5 ¢.c.. Reaction most violent to the HCl in duodenum; went 
so fast as to be uncountable, even when called out by a watcher. 

(Dog secretin successful; none other tried.) 


Aprit 17, 1907.—Cocker Spanier, Mepium Sizep; Ture INrropucep INTO AN 
OPENING IN THE PANCREATIC Duct, OUTSIDE or Gur. 


4:38, at 6 from outer end. 5:02°15", just barely passed 10, 
4:38, at 5. going extremely slowly. 
4:39, at 4. 5 ee, seeretin (Case 4, MeM.) 
4:39, at 3. thrown in at 5:02’30”. into vein 
4:401%4. at 2. of leg. 
4:41, at 1. 5:07, moving very slowly, at 91. 
4:4114, at 0. 5:09 30", moved slightly, nearly 
Sucked out to 10. at 9. 
4:421, at 9 from outer end. 5:12°30", at 9 from outer end. 
$:43 at 8. 5:15, nearly past 9. 
4:44, at 7. 5:21 45”, at 814. 
4:45’ 10”, at 6. 5 ee, seeretin (Case 4, MeM.) thrown 
4:46 50”, at 5. in at 5:22’30"; 5:25 at 814 from 
Going slower, but moving constantly. outer end: 5 ¢.c, more thrown in. 
$:48° 20”, at 4 from outer end. 5:30, moving, but slowly, 
4:5014, at 3. 5:35. has barely reached 8, 
Considerably slowed. 5:40, has barely passed 8. 
4:53°45”", at 2 from outer end, 5 ec. dog secretin thrown into vein 
much slower. leg, at 5:41. 
$:58' 30”, at 14. 5:48 at 8. 
Sucked out to 10%. 5:45, at 8. 
5:00° 30”, at 10 from outer end. 7°, from outer end 


| 
4:5614, at 53/5. 
4:571,, at 5. 
4:59, at 4. 
4. 
5. 
6. | 
8. 
9. 
itt 


5:55, 5 e.e. 


OBSERVATIONS 


at 7%, 
:54, 5 ec. dog secretin (Case 5) 


barely. 
thrown in. 

more new dog secre- 
tin thrown in. 

:58, bile in large quantities ooz- 
ing out; big clot in ecanula. 


6:02, moving fast, too fast to 
count; went 7 divisions in 
about 1 minute. 

6:04, at 2 from end. 

6:05, quieting down, but moving. 

6:05, tube full. 

6:05, sucked out to 7%. 

6:07, at 7 from outer end. 

6:07%, at 6%. 

6:08’ 20”, at 4. 

6:08’ 20”, at 3. 


ON SECRETIN. 
6:08’ 50”, at 2. 
6:0» 30”, at 1. 


6:10’ 30”, 
to 17. 

6:14, at 14. 

6:16, at 9% from outer end. 


nearly full, sucked out 


30", at 9. 
6:17%, at 8. 
6:18%, at 7. 


6:20, at 6. 
6:21%, at 6. 
Secretion at bottom of tube at 6:321%5, 
5 ec. human secretin thrown in then. 
5 ee. more human secretin thrown in 
at 6:33, 
6:42, bile flowing furiously 
through canula introduced into 


common bile duct. 


In the light of later experiments, clots in canula evidently prevented good 


action, but the dog secretins seemed to cause 


a reaction 


No conelusions based on such responses as the above, however 


April 
at 3, from outer end, 
3:09, at wv. 
3:09 50”, at 10. 
3:10’ 12”, at 11. 
3:11, at 
3:11°20”, at 13. 
3:12. at 14. 
3:12° 50”, at 15. 
5 ee, dog secretin (Case 5), at 3:14; 
going slowly at 3:14. 
3:14°30", at 16. 


3 


$216" 16", 
3:16' 30” 


3:21 45”, 


3:15, moving faster. 


3:15’ 30”, at 18. 
3:15' 45", at 19. marked response. 
3:16", at 20, marked response. 


at 21, marked 


at 22. 


response, 


42”. at 23. 
3:17. at 24. 
3:17° 18”, at 25. 
3:17° 43”, at 26. 
3:18’ 30", at 27: slower. 
3:19° 10”, at 28. 
3:19’ 57”, at 29. 


at 30. 


Sucked out to 25 at 3:22; moving 
slowly at 2:23° 30”, 
3:24. just over 25, 


1S, 1907.—SMALL Fox Terrier. 


(Case 4, 
3:24, 


ec, human secretin 
MeM.) thrown in at 
3:24’ 23”, at 26. 
3:25, at 27. 
3:26’ 08”, at 
3:26’ 50”, at 29 
3:27° 50”, at 30. 
Sucked out to 24%, 
3:30’ 30”, at 25. 


28. 
(sucked on). 


at 3:28’30”. , 


Blood in bottom of canula, 


5 cc. new dog secretin (Case 5) 
thrown in at 3:30° 45”. 

323130", at 26. 

. at 28 (fast). 
at 29. 
it SO. 
at 31. 
at 32. 
at 33. 

” at 34. slower. 
: at 35. 

3:36° 08”, at 36, slowing to normal. 

3:37" 16”, at 37. 
3:38’ 30”, at 38. 


Sucked out to 25, at 3:39. 
3:39 50”, at 25%. 
5 ec, dog secretin (Case 3) thrown in 
at 3:40. 
3:40 30”, 
3:40’ 50”, 


or 


at 
at 28, fair response. 
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741’ 10”, at 29, fair response. 4:07’ 25”, at 25. 
741° 43”, at 31, fair response. 4:07’ 37”, at 26. 
742’, at 32. 4:07’ 48”, at 27. 
:42’ 20”, at 33. 4:07’ 58”, at 28. 
:42’ 42”, at 34. 4:08 10”, at 
7:42’ 10”, at 35. 4:08’ 28”, at 
743’ 40”, at 36, slower. 4:08’ 40”, at ¢ 
744718”, at 37, much slower. 4:08’ 51", at 3: 
2:44’ 52”, at 38. 4:09, at 33 (dog moved). 
3:46° 05”, at 39, very slow. 4:09 07”, at 
Sucked out to 24. 4:09 18”, at 35 
3:49’ 00”, at 24. 4:09’ 27”, at 
3:50’ 15”, at 241%. 4:00 36”, at 
3:50’ 30”, at 25. 4:09 47”, at 38. 
ec, human secretin (Case 4) at 4:10°, at 39, full up. 
3:50’ 45”. Sucked out to 0. at 4:10’ 30”. 
5 ec, more human secretin (Case 4) $:11°10”, at 3. 
at 3:51’ 30”. Pencil dropped. 
3:51’ 52”, at 26. 4:11’ 30”, at 5. 
3:52’ 40”, at 27. 4:11 45”, at 
3:53" 50”, at 28, slow, apparently 
stopped, 
3:57° 30", at 281. hardly mov 
ing: sucked out to below lowest 
gradation. 
About 2 divisions below at 4 p. m. 
Moved about 14 division at 4:02 
p. m. 
5 ec. dog secretin (Case 5) at 
4:02’ 30”. 
5 ec. more (Case 5) at 4:03’ 20”. 71 = 7, slowing down. 
:03’ 30”, at 1, fast. 
703’ 50”, at 2, fast. 
at 3, fast. 
:04’ 08”, at 4, fast. 
:04’ 15”, at 5, fast. $#:19° 45”. at 22 (normal rate) 
20”, at 6, fast. 4:21° 257. 
704’ 25”, at 7, fast. 
:04” 30”, at 8, fast. 
:04’ 38”, at 9. 
04° 45”, at 10. 
:04’ 48”, at 11. 
53”, at 12. 
00”, at 13. 
10", at 14. 
:06° 15”, at 15. ly. ; 
20”. at 16. 134, faster ( 
06’ 25". at 17 4:37, pancreatic flow not changed. 


Bile duct now exposed, 4:22: canula 
put in duet. 
4:30, flow of bile almost station 
ary in tube. 
4:32°20", 5 ec. human secretin 
thrown in. 
733° 30”, bile moving very slight 


:06 32”. at 18. :38, apparently slower flow of 


:06’ 38”. at 19. hile (no marks on tube in bile 
47”, at 20. duct). 

206’ 54”, at 21. 4:39, new dog (Case 5) thrown in, 
:07’, at 22. pancreatic juice stationary 
:07’ 07”, at 23. at 29. 

:07’ 19”, at 24. 5 ec. more secretin at 4:40’ 30”. 
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Little or no result from human se- 10 divisions to 30 seconds, at 4:43’ 30”. 
cretin on bile; none on pancreas. Stomach contents furiously pouring 


4:41° 30", sucked out; pancreas out at 4:43. 
started to flow slightly; 3 divis- Pancreas, 31, divisions in 30 seconds. 
ions. 4:45 p. m., slower, no evident ef- 
Pancreas started up, rapidly moving; fect on bile in canula. 


— 


:50, dog killed. 


as before, too fast to put down. 


27, 1907.—Fatrty LArce Dog. 


No movement at 12) noon, at 12:53 30”, at 10, peristalsis act- 
mark 3. ive. 
No movement at 12:01 20”. 12:56, at 10. 
Very old dog secretin (Case 3) thrown 12:57’ 30”, at 101. 
in, 12:10, with no result, 1:03, barely moving. 
12:33° 30", HCL introduced into 1:03’ 30”, 5 ec, new dog secretin 


bowel, juice stands at 1. 
(Case 5). 


12:38, no movement, 
12:41, at 2, hardly moved at all Fiuid bloody since start. 
12:43, at 214, just barely moving. wae hardly at 11. 
12:5 qt moving. after suck- :15, dog killed. 


“am ete.; now at 9%, 
Gall bladder not over full; little bile in guts; no food except in rectum. 
No response; evidently due to invisible clots or some undetermined factor. 


Aprin 28, 1907.—SMaALL Biren, Stze or Fox Terrier. 


Duct opened instead of gut: canula 12:09 50”, at 10. 
directly in duet. 12:10° 55”, at 15. 
Juice clean and runs freely at once. 12:12’ 20”, at 20, slower. 
Ran to 19, and then slowed down 12:14’ 40”, at 23, very slow. 
at 11:47. Sucked out to 0, at 12: 15. 
11:50’ 30”. at 23. 12:16’ 05”, at 1. 
11:51, at 24. 5 ec.c. secretin (Case 6, EF. B.). at 
, at 25. 12:17. 
252’ 10", at 26. 12:19, no movement. 
11:52’ 45”, at 27. 12:20, at 3. 
19:08. sucked out to 0, 12:21° 40”, at 4. 
12:03, 4 ee. new dog secretin 12:23’ 30”, at 5. 


(Case 5) injected, right thigh. 5 e.c. old dog secretin (Case 3) at 
Level constant, practically at 0. 12:24’3 
16 divisions to 14 minute at First movement at 12:25. 


12:037 50”, 12:25’ 10”, fast. 
Too fast te count, reaction in less 12:25’ 40”, at 20, 
than 45 seconds. 12:26’ 03%, at 25. 
Full 12:04’ 45”. 12:20’ 40”, at 30, 
12:04 45”, at 35. 12:277 08”. at 35 
Sucked out to 0 at 12:27’ 30”. 
12:06' 50”, at 20. Slowing. 
12:07° 08”, at 25. 12:29 50”, at 5, slowing. 
12:07’ 30”. at 30. ee 40”, at 6, slowing. 
12:08, at 35. 31°15”, at 7, slowing 
Sucked out to 0, Ps normal rate now, 


12:00 08”, at 5, slower. 12:32, at 9. 


J. EDWIN 
12:32’ 15”, 5 secretin (Case 
6, E, B.) thrown in. 
12:33, at 10. 
12:34, at 11. 
12:35’ 20”, at 12. 
12:36’ 30”, at 13. 
12:37’ 20”, at 14. 
12:38’, at 15. 
12:39’ 30”, at 16. 
12:40’ 45”, at 17. 
12:42’ 05”, at 18. 
Sucked out to 0, at 12:42’ 45”. 
12:43’ 20”, 5 cc. new dog secretin 
(Case 5). 


12:43’ 55”, 


Ce, 


first slight movement. 


SWEET—RALPH PEMBERTON, 


12:44’ 20”, at 5. 
12:44’ 30”, at 10. 
12:45’, at 20. 
12:45’ 29”, at 25. 
12:46’ 45”, about full. 
Good marked reaction, but 
violent, though just as promp. as 
first new dog. 
12:51’ 30”, at 4%. 
5 c.c, 0.2 per cent. HC! injected into 
vein at 12:51’ 40”. 
12:52’ 40”, at 6. 
No movement. 
12:55’ 25”, at 7. 


Dog killed. 


not so 


Almost nothing in the small intestines, except bile; a few stray strands of 


yellow feces, a few hard feces in rectum; considerable bile in gut. 


not so filled as in dog of April 27, 1907. 


May 2, 1907. 


4:55’ 45", at 1014. 
4:54, at 11%. 
4:58, at 12. 
5:00, at 1314, pretty constant and 
slow. 
5:01 40”, at 14. 
5:04’ 30”, at 15. 
Starting anew, flow constant and slow, 
5 cc. newest dog secretin (Case 7) 
left leg, at 5:05' 15”. 
Flow started at 5:06. 
Going very fast at 5:06° 10”. 
Full at 5:07. 
Sucked out to 0 at 5:07’ 15”. 
5:07’ 30”, at 5. 
5:07’ 50”, at 10, slower. 
5:08’ 20”, at 15. 
:08’ 55”, at 20. 
5:09’ 45”, at 25. 
5:11, at 30. 
5:14’ 30”, slow, and 5 e«.e, 
B.) thrown in. 


secretin 
(Case 6, 
May 5, 1907. 
12:39’ 35”, 
Case 3 (very old dog) secretin 
thrown in. 
tarely moving. 
12:40 33”, first movement. 
12:41’ 07”, at 5 ) Not so fast as 
12:4 53”, at 10 \ clot visible in 
12:42’ 30”, at 15 


juice at 0, and 5 ec. 


tube moving on, 


Very slow. 


SMALL Brown Terrier, 


Gall bladder 


NOURISHED, 


» a &. 

5:17: no reaction, 
5:18’ 30”. 

5:19 30”, only nor 
reaction 


5:14’ 45 
No movement at 
No movement at 
No movement at 
mal rate, very 
five minutes later. 
5 ee. very old dog secretin (case 3) 
thrown in, 5:19 50”. 
5:20, at 4. 
First movement at 5:20° 07”. 
20’ 54”, at 20. 
21’ 20”, at 25. 
Marked reaction. 
37”, at 30. 
35, slower. 


slow: no 


5:21’ 
§:21° 


: 52”, at 
Sucked out to 0, 
5:22’ 24”, at 4. 
5:23’, at 10. 
h slower now. 
5:23’ 38". at 15. 


5:26, slowed to almost normal. 


5:26’ 50”, at 20. 


SMALL BLAck 


2:45’ 20”, at 16. 
2:46", ee. very old 
different 


dog se 
eretin (Case 3) tlask, 
thrown in. 
12:46’ 20”, at 161, 
movement at 12:47 28”. 
12:48’ 42”, at 20. 
slow, but evidently accelerated. 
12:49’ 21”, at 2). 


First 


Very 
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12:56 Ys at 22. 1:34’ 10”, at 24. 
50’ 30”, at 23. 1: 50”, at 25. 
2:51 03”, at 24. 1:35° 15”, at 26. 
a 51° 27”, at 25. l: nad 30, at 27. 
12:52’ 15”, at 26. 1:35’ 50”, at 28 
12:54’ 20”, at 2714. 16”, at 29. 
Sucked out to 5. 1:37°10", at 30 (irregular men- 


12:55 30", at 5, not moving. iscus ). 

12:56 10”, 10 human secretin 1:37’ 40”, at 31. 
(H. Z.. Case 8) thrown in, 1:38’ 35”, at 32. 
right hind leg. 1:39, at 33. 

12:58" dh at 6. Sucked out to 3. 

1: at 1:30 at 3. 


No movement. 1:40’ 15”, at 4. 
1:04’, at 8. 1:42’ - at 5. 
Not moving visibly. 1:43° 15”, at 6. 
10 «ce, old dog secretin of a dilution 1:47° 15”, at 7, nearly. 
of 1 to 4 (2 ec, secretin, 8 ce. 10 ec. (Case 8, Hi. Z.} thrown in at 
HO. distilled) thrown in then. 1:47° 48”. 
1:11’ 30”, at 9 1/5. 1: 07”, at 7 
No movement, 1:50 30”, at 8 
10 dilution of 1 to 1 (5 ee. se- 50”, at 
eretin, old dog) to 5 ec. distilled I: 15”, at 10. 
water, thrown in at 1:14’ 45”, 1:52°15", at 11 almost (upper 
1:14’ 30”, at 9 1/5 meniscus ). 
35”. at ii. 


First movement at 1: 16: 30” 1:5 


1:16° 45”, at 10. Vs at 12. 

1:17° 20”, at 11. 1:53’ 30”, at 13. 

1:18’ 15”, at 12. 1: at 14. 

1:18’ 57”, at 13. 1:56’ at 

1:19 40”, at 14. 1: 30”. not vet 15. 

1:20° 15”. at 15 5 ec. secretin (Case 8, Hl. Z.) thrown 
1:21’ 45”, at 16. in at 1:57° 50”. 

1:22’ 50”, at 18. + ee. more secretin (Case 8. H. Z.) 
at 19. thrown in at 1:597 10”, 

20)", at 20 20”, at 18. 

1:20" at 2}. 40”, at 19. 

l: $5”, at 22%. :00° 18”, at 20. 


2 
o> ce, very old dog secretin, first flask, 2:01° 10”, at 2 
thrown in at 1:31 25”, 2:01’ 50”, at 22. 
1:32’ 40”, at 23. 2:02’ 45”, at 23. 
1:33° 10", moved visibly. very 2:04 50”, at 24. 
slightly. 

Two distinet responses, of the human, equal or almost equal to the dog.  Re- 
action of dog te all stimuli very slight, relatively, to most dogs tried so far; the 
reaction was slow to set in and seemed to gather speed slowly and to last longer 
proportionately for the speed, though, perhaps, the delayed response accounted 
for that. 

Slight amount of yellowish fluid in upper part of gut and slight amount of 


dark green feces throughout bowel, but practically nothing of consequence. 


May 8, 1907.—SECRETIN. 


J. EDWIN 


Nor IN 


2:01’ 
2:02’ 
2:03’ 13”, 
2:07’ 30”. 
much 
initial spurt. 
Sucked out to 0 
2:10’ 30”, 
hardly at 1. 
2:13’ 45”, at 1 
2:14’ 10”, 5 c.c. 
dog secretin in right thigh. 
at 2:15’ 20”. 
2. very 
3, very slow. 


10”, 


05”, 


at 5. 
at 10. 
at 15. 
at 20. 
Going slower after the usual 
at 2:12’ 50”. 
practically — stopped, 

(hardly there). 
(Case 7) newest 
First movement 
10”, at 
:17’ 40”, at 
Very atypical response. 
2:20’ 30”, at 3 
stopped 

2:20° 40”. 

est dog. 
22’ 30”, started. 
at &. 


than last, but slow. 


2 slow. 


(practically 


10 ee, new 


? 
2 better 


response 


Seconp Dog.—SMALL 


5 ce, (Case 8) dog secretin, 
at 3:33. Juice at bottom of canula. 
Response at 3:34. 
Going fast at 3:34’ 45”. 
3:35°05”. at 5. 
35’ 30”, at 7. 
, at 9. 


3:37’ 22”. at 


newest 


1907. 


Very little initial spurt. 
2:2)" 30”. at. 


5 ec, newest dog (Case 7) secretin at 


2:87" 46". 


First movement at 2:22’ 25” 


2:22’ 30”, at 5. 
2: 10. 


: 22” 39”, at 
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Fatrty Goop Size. CANULA IN Deer, 


at 6, better 

than last, but 

3’ 58, at 8. 

at 9. 

Slowing down much. 
2:40’ 45”, at 11%). 
2:43’ 15”. at 12. 

10 ec.c. secretin (Case 8, 

2:43" 15”. 
No response, same flask as last time. 
10 ee, (Case very old at 


2:51° 50”. 


2:22" 50”. response 


slow. 


H. Z.) at 


3) dog, 
\ response from this, faster than be 
fore, but not fast. However, tube 
filled up. 
Sucked out to zero. 
2:59, at 0. 
10 seeretin 
2-50 30”. 
Moving at same rate at 3:00 30” 
Clot in canula, apparently of 
chietly. 


(Case 9, F.) at 


Fox Terrier Brren, 


53", at 
3:39 10”, 

Slower. 

Sucked out to 0, at 3:40 


Good 


15. 


at 16. 


response, 
3:41’ 25”, at 1. 
3:42’ 30”, at 1 1/5. 
10 «ec. (Case 9, FE. F.) 
3:42’ 55” 


No response, 


secretin at 


Clogged up, large red clot in tube and 
vessels, 


Pancreas seems sclerosed, 


Fox Terrier Brren, Turn anp RATHER SMALL. 


2:22'50", at 15, too fast to count 
and jot down. 
55”. at 20. 

and jot down. 

: 23’ 00”, at 30, 


too fast to count 

too fast to count 
and jot down. 

Sucked out 


to 3. 
2” 25”, at 5 
at 10. 


at 15, 


410”. 
00”, 


» 
» 


4’ 


slower 


| 
| 
10. ii 
| 
12. 
13 | 
14. 
MAY 
9:15’ 50”, at 0. 
2:16’ 20”, at 1. 
9-17" 45”. at 2 
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4’ 32”, at 20. 


to te 


5’ 05”, at 25. 
”, at 29. 


26” 
Sucked out to 3. 
2:30, at 3. 
10 secretin 
at 3:30' 20”. 
First movement at 2:31, 
:31° 04”, at 5. 
31°45”, at 10. 
25”, at 12%. 


732’ 40”, at 13. 


.at 30,about normal rate. 


(Case 7, H. Z.) 


O07”, at 14. 
7:34’ 10”, at 15. 
35’ 38”, at 16. 
10 secretin (Case 9, FE. F.) first 
unfiltered, supernatant, at 2:36/ 20”, 
10", at 17, same 
Result of 


No response. both injee- 
tions clear. 

hirst tuberculous case (H. Z.) gave a 
distinet 


and apparently not quite so soon 


response, slower than dog 
(though see figures). 
2:44 30”, at 18 (constant). 
10 ¢.¢, secretin (Case 0, F.). treated 
with beth HCl and alkali, ete. 
2:47° 25”, first movement. 


2:48° 48”. at 19, no response. 
2:49 52”) at 20, no response. 
2:53" 40", at 21 (nearly) no resp, 


10 ec, newest dog secretin (Case 7) 
2:54’ 34”. 
movement, at 2:55’: 
55’ 38”, at 25. 
48”, at 30. 
53”, at 35. 
Lost: too fast to count. 
10", at 10. 
18", at 15. 
+6 26", at 20. 
50” 34”, at 25. 
50’ 45”, at 30. 
750" 57”, at 35. 
Sucked out to 3. 

2:57° 12”, at 5. 


. 


again at 
First 


at 10, slower. 
3:02’ 45”, at 12. 
10 ee, (Case 9, FL) squeezed and 
filtered, at 3:03’ 20”, 
3:06’ 25”, at 13, 
3:09 00", at 1344. 
10 secretin (Case 8, Z.) 
filtrate, 3:31° 30”. 


no response, 


late 


injected at 


ON SECRETIN, 


At time of injection, juice not moved 
from 13%. 
First movement at about 3:13’ 40”. 
3:13’ 10”, at 15. 
3:13’ 48”, at 16. 
3:15’ 04”, at 17. 
Slight response, less than the other 
from same case, but distinct. 
3:17° 25”, 10 ec. secretin 
8) earlier than last, but per 
haps later filtrate than that 
first injected. 
3:19 15”, at 18. 
3:24° 55”, at 19, no response. 
10 secretin of (Case 9, E. F.) 
later filtrate, over night, at 3:26'35”. 
3:28’ 00", at 1914; no 
10 ce, very old dog secretin (Case 3) 
at 3:29 35”. 
First movement at 35”, 
3:30° 58", at 20, active: 
ration must be some 5 or more 
weeks old, 
3:31° 13”, at 30. 
Sucked out to 3. 


(Case 


response. 


prepara 


3:34’ 00", at 16, slowed down. 

3:35’ 03”, at 17. 

*. Of a solution made up of HCl, 
NaOH and CH,COOH in the pro- 
portions used in making secretin 
extracts, was injected at 3:35’ 40”. 

No response, 

3:46’, at 19. 

10 ce, most active flask of 
H. Z.) heavy precipitate, at 
3:47’ 10”, 

First movement, at 3:48° 55”. 

3:50% 20”, at 20. 
3:54’ 15”. at 2). 


slow response, if any, probably 


(Case 


Very 
the slightest possible. 
3:56’ 15”, at 21%. 
10 ee, (Case 8) much alkali and acid, 
at 3:50’ 47”. 
3:59 10”, at 23. 
$:00° 45”, at 24. 
\ response, but not great. Curiously, 
the preparation first used just be 
this did not act, 
earlier in the day. 
4:04’, at 25 


fore when it did 
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10 ce, newest dog (Case 7) secretin :07’ 05”, at 8. 
at 4:04’ 15”. :07’ 20”, at 9. 
Tube sucked out to 414. :07° 33”, at 
First movement at 4:06% 28”. :07’ 58”, at 
29", at 5. :08° 50", at 
4:06’ 50”, at 7. 

Distinet response, but not so marked as before. 
the dog account for it? At one time she nearly died from too much ether. Canula 
worked beautifully to-day and no clot in end. 

None of the FE, F. (Case 9) preparations worked, Several of Case 8 prepara- 
None of the Case 9, E. F., preparations were put in Arnold ster 


Does the general condition of 


tions worked. 
ilizer. 

The preparation (Case 9) marked “much alkali and acid” was one carried 
somewhat beyond neutrality, and then brought back to relatively strong acidity 
to get out all possible proteid. It worked. 

Stomach full of well digested fluid and food. Upper part of intestine contains 
some light yellow food, then becomes pretty free and further down contents are 
fecal in nature and pretty profuse. Bowel therefore much fuller than with recent 
dogs. (Last two not examined, but not fed beforehand; this one was, at 10:45 
a.m.) 

May 21, 1907.—(1) Fox Terrier. 


A failure, as canula would not go in and tissues became too bruised and torn 
to be of any use. 
(2) Larce Purry, Server Tyrer, 
at %. 237° 30”) very slow, 
730’ 25”, at 1. 238’, barely at 4. 
31°10", at 2. Divisions are 5 ec, dog secretin of April 17 
inch instead of \%& inch. at 4:30 30”. 
4:32’ 30’, at 3, usual initial flow Not vet 4. 
followed by decrease, 
Both failures, mechanically. Pancreatie duet of second dog branched so early 
that the common duct was too short to allow of satisfactory tying in the canula. 
In both dogs the canulw were introduced outside of bowel; bowel not opened. 


May 22, 1907.—Fox Terrier Biren. 
flowing fast when canula first Sucked out to 2. 
3:14’ 30”, at 
5 secretin 
filtered. 
3:15’ 00”, at 24. 
3:18’ 30”. at 3. no response, 


Juice 
put in. Marks on eanula about 
apart. 

3:00 p. m., at 

3:01’ 30”, at 1. 

secretin Case 5 (dog of April 


D ee, 
3-02’ 20”. 5 secretin (Case 10, K. W.) super 


17) thrown in at 
First movement, at 3:02’ 50”. natant, at 3:10 50”. 
3:03’ 30”, at 3. 3:22°45”, no response, juice at 
3:24’ 30”, 5 ee. same active dog 
secretin of April 17 (Case 5) 
et 7. thrown in. 
3:27° 30” apparently no response, 
though canula sucks as though 


3:03’ 53”, at 4. 
3:04’ 15”, at 5 
3:04 40”, at 


3:05’ 10”, 

3:06’ 12”, at 8. 

3:07’ 35”, 

3:09 35”, 
down. 


10, much slowed not blocked up. 
3:28’ 30”, at 4. 
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3:34° 50", 10 ec, dog secretin of 
April 17, level only 
at 41%. 
Respiration affected. 
20", first movement. 
35”, at 5. 


(Case 5); 


$3:38° 25”, at 7 (slower, though a 
distinet response 
3:40° 45”, at 8. 
\ thrombus canula may 
\lso left leg vein may 


have 


slowed flow 


have thrombosed or injection may 
have been in artery. Last active 
injection made into right jugular. 


3:44’ 30”, at 9. 

10 «cc. calf secretin (Case 11) at 
3:44° 35”. 

3:45' 40") first movement. 

3:45’ 52”, at 10. 

3:45’ 59”, at 11. 

3:45’ 06”, at 12. 

3:46’ 12”, at 13. 

3:46° 18", at 14. 

3:46’ 22”, at 15. 

26", at 16. 

Juice now dropping into test tube to 
he saved for another purpose. The 
above mentioned was pushed 
out; juice viscid. 

Sucked out to 2, at 

3:50° 05", at 6; 

750’ 55”, at 7, 


3:49’ 10”. 
still very fast. 
slower. 
53’, just over 8, 
10 ee, 
tered and supernatant, at 3 
3:54 05". first 
3:54’ 10”, at 12. 
3:54’ 20”, at 15. 
Filled. 
Violent 
Sucked out. 
3:55’ 13”, 


a” 23”, 


sheep secretin (Case 12) fil- 
:53° 15” 


movement, 


reaction. 


at 8, slower. 
B: at 

33”, at 10. 

45”, at 11. 

at 12. 

3:58" 20", at 16, full up, 
Slowing, but violent 
Sucked 

flowing and stands at 
$:09° 00", at 2 1/6. hardly moved 
at all. 

4:19’, at 21 


response. 
4:04 has ceased 
2. 


out, and at 


Sucked out to nearly 1. 


OBSERVATIONS ON 


SECRETIN, 


10 calf secretin (Case 11) filtered, 
injected at 4:27’ 15” to see if canula 
clear. 

4:27°40", response as before. 

4:20° 15”, at 3 (started at about 
55” or so). 

4:29’ 43”, at 5. 


4:29° 57”, at 6. 

$:30° 12") at 7, much slower than 
first. 

30") at 8. much slower than 
first. 

43”, at 9. 


730° 54”, at 10, response, 
31°10", at 11, dog 
poor shape for some time. 
28”, at 19. 
7:31’ 45”, at 13. 
10”. at 14. 
Slower. 
233° 08", at 15, 
10 ee, sheep secretin (Case 12) super- 
natant, injected through gut wall 
into duodenum pancreas at 
4:38, and then 10 
4:37° 30”, at 3 2/5. 
ing. 
$:38' 45”, at 3 3/5. 
4:40° 30”, at 4. 
4:48", at 414, no response. 
10 ce, secretin (Case 10, K, W.) 
tered and squeezed and filtered, in- 


has been in 


+ 


slower. 


above 
more, 
hardly mov 


jected into carotid, 
4:49 15”, at 6. 
4:49 23”. at 7. 
4:49" 30”, at 8. 
4:49 50”, at 9, 
$:50° 05", at 10. 
$:50° 29”, at 11. 
$:51’, at 12. 
4:52’ 20”, at 13. 
$:54' 20”, nearly 14. 
4:55’, at 14 3/5. 
Sucked out to 21, almost constant. 
10 ee, supernatant secretion (Case 10, 
K. W.) at 4:58'°30" (dog nearly 
dead), 
4:58’ 40", started, 


response, 


at 6. 
$:59 O07”, at 7. 
$:59° 25”, at 9. 
4:59 32”, at 10. 
$:59° 48”, at 11. 
5:00° 00”, at 12. 
5:00 18", at 13. 
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5:00’ 50”, at 14, slower. Apparently no response, 
Distinet response. 10 ee. calf secretin (Case 
Sucked out to 2, at 5:05. 5:00 45”, 

10 «ec. seeretin (Case 4, MeM.) at Response relatively mild. 
5:05’ 50”, juice at 2%, then. Dog killed. 
5:06’ 20”, at 3. 


May 31, 1907.—SMALL Pupry, Buu Type. 
12:47°10", at 1 (marks '% ineh Response, but) canula evidently 
apart). blocked, 
12:50, at 2%. partly by sucking 3 ¢c, more secretin (Case 13) at 
through fine tube introduced 1:34’ 30”. to clear duct. 
into canula. More secretin Case 13: respiration af 


ing very slowly 
Flowing very lo . fected, but it has not been much 


5 «ec. secretin of Case 13 (setter dog 
kept on ice) at 12:52°50", in right 
jugular. 

12:53’ 15”, at 3. 
Started in about twenty seconds or so. 
12:53 5 more secretin (Case 13) again 


noticed to-day, 
\ slight sluggish response 
Canula seems clear movement 
atvpical and not so good as at first 


at 5 response. gave a slow response, 


-54’ 10”, at 6. 5 ce, active calf seeretin (Case 11) 


te 


254’ 24”. at 7. gave a slight movement, not suffi 


-54’ 42”. at 8. cient to record (1 div.). 


at 9. sheep secretin 


! 
| 


ie te tet 


257°, at 10, slow and_ possibly jected, 
plugged up. About 5 minutes later a quite marked 
Small plug removed by making a flow, evidently a response, 

“cork screw” out of catgut. 5 ec. more secretin of Case 13) (5 
Sucked out to 9, day-dog) gave a relatively slow but 
5 ee. more secretin Case 13 put in, to distinet response. 

wash out canula, 10 ee. human secretin ‘ase 14, A, 

1:03’ 10%, 5 more secretin of cloudy, that is, but little fil 
Case 13. tered, at 2:21' 45”. 
:04' 08”, moved. Level at 31,. response in 35. see- 
-04’ 24”, at 14, too fast to count. onds. 
32”, 15. 2:22" 45”, at 
704° 42”, at 16. Cleansing wire taken out. level fell 
:04’ 52”, i 17. 
705’ 02”, at 18. 
05° 13", at 19. 35", at 7, response, 
28", 20. 
:05’ 33”, at 21. 
Full. 10 ec. clear secretin (Case 14. A, R 
:09, still moving. young girl with tuberculosis. 
Sucked out to 6. 
5 ce, secretin (Case 14, A. R.) young 
virl with tuberculosis, at 1:12° 50”. 


1:13°20”, at practically 


stopped. 
1:14° 45”, at 71, no response vet. 


fete ty tet 


45”, at 6, response. 


Trouble. canula out. On dissection, gland looked edemat 


1:29 05", 5 ee. secretin (5 day 
on-ice-dog) to clear tube. line pancreatic juice. 


ous under peritoneum; much alka 


250 
| 

| 

| 

| 
| 

| 

= 

; 


260 OBSERVATIONS ON SECRETIN. 


JuNe 18, 1907.—Brown Irisu Terrier. 


Tried with secretin of Case 15 (Me- 11:32’ 30”, flowing freely (marks 
K.); canula about % ineh in size, % inch apart). 
much larger, and fitted with plat- 11:34’ 20”, at 5. 


inum point. 11:37’, at 6 (slower, though mov- 


No movement in tube, just a drop ing). 


or so in bottom. 11:41’ 20”, very nearly 7. 


10 ec, Case 15 (MeK.) at 11:23. 11:41° 20”, 10 more of Case 
Breathing changed at once. 15. 
Seemed to be a response from motion At 8, a clot in tube, clearly seen, long 


in canula, but injection used chiefly feathery and red. 


to start a free flow. 
The above apparently a response, but hardly dependable, as normal flow may 


have been very active. 


June 20, 1907.—Larce Brack Doc, Serrer Tyre. 


11:157 35”, at 0. Response, but much less marked than 


11:16’ 05”, at 1. that of dog, 
11:17° 25”, at 21%. 10 ¢.c. more secretin of Case 16 (dog) 
11:18”, at 3. tried, to obviate possibility of clot, 
10 ce, secretin Case 16 (dog of June at 11:30’ 35”. 
Is) injected into carotid, at Now slowed down. 
11:18" 40”, 11:30° 45”, at 8. 
11:19", at 4. 11:31 40”, at 9. 
First movement at 11:19 45”. 11:31 50”, at 10. 
11:19’ 50”, at 7. 11:31 58”, at 11. 
11:19 56”, at 8. 11:32’ 03”, at 12. 
11:20° 03”, at 9. 11:32’ 08”, at 13. 
i1:20’° 10”, at 12. 11:32’ 13”, at 14. 
11:20’ 18”, at 15. 11:32 17”, at 15. 
11:20’ 26”, at 19.) Too fast to 11:32’ 22”, at 16. 
11:20° 28”, at 20. count, even 11:32’ 28”, at 17. 
11:20 37”, at 25. , with biggest 11:32’ 32”, at 18. 
11:20 43”, at 28. tube. 11:32’ 38”. at 19. 
11:20 48”. at 30. Violent reae- 11:32” 423”, at 20. 


11:20’ 55”, at 32. | tion 11:32’ 49”, at 21. 


11:21’, at 34. 11:32’ 53”, at 22 (lacteals show 
11:21° 06", at 35, plainly in gut). 
11:21’ 16”, at 36. 11:33, at 23. 
11:21° 27”, at 38. 11:33’ 07”, at 24. 
11:21’ 43”, at 40. 11:33’ 15”, at 25. 
11:33’ 28”, at 26. 


Sucked out to 0, at 11:23’ 15”. 
11:24’ 40”, at 1%. 
11:25, at 2. Small clot somewhere, visible in ma 
10 ee, secretin Case 15) (MekK.) in terial sucked out. 
at 10 ec. secretin Case 15 (MeK.) un 
filtered and simply deeanted. at 
11:38, 


11:33’ 58”, at 29. 


jected into right jugular 
11:25’ 20”, 
11:26’ 35”, at 3. 
11:26’ 48”, at 4. 11:38’ 20”, at 3. 
11:27’ 34”, at 5. 11:41’ 13”, at 4. 
11:27’ 57”, at 6. 11:46’, at 5. 
11:48’ 05”, at 6. 


11:28’ 28”, at 7. 


J. EDWIN 


11:48 35” 


. at 


at 


Marked re- 


sponse rery 


12:22’ 20”, at 
12:22’ 23”, at 


12:22’ 40”, at 


SWEET—RALPH PEMBERTON. 


14. 
15. 
20. 


11:49’ 15”, 
11:49’ 40”. at much delayed 
and persistent 


11:50’ 15”, at 20. when present 
750° 25”, at 25. Dog's heart 
250’ 45”, at 26. action better 
751’ 08”, at 27. than 
251’ 25”, at 28. when human 
251’ 55”, at 29. secretin 

. at 30. was first 
,at 31. thrown 

, at 32. | in this 

, at 35. | last time. 


Cardiac depression perhaps facto 


in slow response, but there was no 
cvanosis. 
11:59°40", at (going very 
slowly ). 
12:03° 45”, at 2. 
12:05’, at 3. 

10) ee. secretin Case 15) (MeK.) 
thrown in jugular vein at 
12:06 05”. 

12:067 37”, 
12:07" 40”, 
12:08 40”, ¢ 
12:09” 35”, 
12:11’, at ! 
12:14’ 45”, 

Even with accurate figures and tim 
ing, ete., it was very hard to tell 
whether the above human injection 
Was a response or not. Certainly 
it was less than that of a dog, but 
possibly a response even so, 

12:19’ 15”, at 10%. 
12:20’ 55”, at 11. 

10 cc, secretin Case 16 (dog of June 

18) at 12:21’ 10”. 
12:22’, at 12. 
12:22’ 15”, at 13. 


at 25. 


3D. 
40. 

at 45 (estimated). 

Sucked out to 0. 

357", at 10. 

4°07", at 15. 

4’ 15”, at 20. 

4’ 20”, at 25. 

4°40", at 30. 

4° 55°. at 35. 

at 40, 

45 (estimated). 

5. 

038", at 10. 

we 15. 

:26’ 45”, at 20. 

30”, at 25. 

Dog breathing rapidly and respira- 
tion shallow, flow has slowed down 
considerably since last figures. 

12:29’ 30”, at 30. 
at 32. 

2:33’ 30”, at 33. 

2:36’ 20”, at 34. 

10 secretin Case 15 (MelWw.) fil- 
tered, at 12:37’ 40”, 

Sucked out. 

12:38’ 15”, at 0. 
Missed time at 1. 

at 2. 

a7”, at 3. 

14”, at 4. 

30”. at 5. 

Seems to be a response, but vague 
like the last, and vastly below the 
dog preparations in efficiency. 


— 


to 


tote te tot 


tot 


| 
50” 
3’. at 30 
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THE PRESENT STATUS OF OUR KNOWLEDGE OF THE 
CHEMISTRY OF THE PROCESSES OF IMMUNITY.* 


Hl. GIDEON WELLS, M.D. 


CHICAGO, 


It is extremely doubtful if, in the entire range of recent medical 
literature, there can be found a set of articles that contradict one an- 
other more flatly than do those that report the attempts so far made to 
learn something concerning the chemical nature and action of the sub- 
stances concerned in the reactions of immunity. After contrasting one 
report with another, the product seems to be entirely neutral, or better, 
amphoteric, for one’s conclusions will depend largely on one’s choice of 
indicator. He may accept the word of the last disputant, or believe 
only the work of those whom he knows. or he may, with considerable 
propriety, he skeptical concerning most. of the positive results and 
claims. Indeed, after a first review of the literature on this subject, 
the only hope seems to lie in the thought that “where there is se much 
smoke there must be some fire: but if the work is arranged on a 
chronologic basis one gains courage by noting that the earlier hasty at- 
tempts that were made to explain everything in the chemistry of im- 
munity on the basis of very limited experimental studies, are gradually 
being replaced by work that shows the intention. as expressed by Buxton 
and Teague.’ “to collect data on which, in the future, sound theories can 
be built.” Nevertheless, even in the most recent literature there is an 
abundance of ill-considered, immature speculation, 

To illustrate by a typical example, in a publication of the current 
vear it is recorded that one diphtheria antitoxin horse. which wave a 
very potent serum, gradually developed an inerease in the globulin con- 
tent of its blood, while another horse, that had a relatively abundant 
globulin content in its hlood at the start, showed no increase in the glob- 
ulin and little formation of antitexin. On the basis of these two horses 
are proposed numerous theories to the effect that if a horse has normally 
a high globulin content in its blood it is unsuitable for the development 
of globulin antitoxin, that antitoxin formation is necessarily connected 


* Presented in the Symposium on Immunity held by the Section of Physiology 
and Experimental Medicine of the American Association for the Advancement of 


Science, December, 1907, 
I. Ztschr. physikal, Chem., 1907, 76. 
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with a globulin increase, etc... as if these two horses furnished conditions 


that would be duplicated by every other horse. Such articles Impress 
on one the justice of A. E. Taylor's remark, that “in experimental 


pathology the results are in inverse proportion to the number of con- 
trols.” 

In the limited space available for the presentation of this subjeet it 
Is impossible to attempt to develop the history of our knowledge, or lack 
of knowledge, of the chemistry of each of the phases of immunology ; 
indeed, T can only attempt to sketch the present status of knowledge in 
certain fields as it appears to be of special interest at this time, for al- 
though there is as vet such a scant amount of positive information, there 
is no dearth of material in which to look for it. 

Probably the fundamental question in the whole field of “immunoe- 
chemistry” is the chemical nature of toxins, for until we know this we 
ean only search in the dark for knowledge concerning the other. prob- 
ably more complex, factors in the immunity reactions: vet at the pres- 
ent time there is absolutely nothing definite to be said concerning this 
subject. We have ver\ good reasons for believing that the molecule of 
bacterial toxin is smaller than that of the typical proteins, or of the 
antitoxins, for toxins diffuse much more rapidly and pass more freely 
through dialvzing membranes, vet neither these facts, nor the facts that 
strong toxin solutions have been obtained which do net give the usual 
protein reactions, can be looked on as conclusive proof that toxins are 
not proteins. 

To be sure, this view has received considerable credence, but it is by 
no means finally established. One of the main supports of the view 
that toxins are not proteins lies in the statements by Jacoby that the 
active constituent of ricin can be obtained free from protein: however, 
the careful studies of Osborne, Mendel and Harris*? show that such a 
separation can not be made, for although they isolated the toxic sub- 
stance in such purity that .0O1 of a milligram was fatal per kilo to 
rabbits, it still) contained protems, This work illustrates the reason 
for the failure of all our attempts to obtain the texins, and the other 
substances participating in immunity reactions, in pure condition, viz. 
that they are so very potent that even the most active fluids with whieh 
we are familiar contain them in such minute quantities that they are 
far bevond the reach of chemical methods, especially as proteins and 
other complex substances are always present. 

Take, for example, the cobra lecithid isolated by Kyes. Here is a 


most active compound of a toxin with a known chemical substance of 


2. Amer. Jour. Physiol., 1905, xiv, 259 
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fairly well-established composition and properties, which would seem to 
give us an opportunity to pin down a toxin for analysis; vet when the 
cobra lecithid is analyzed the figures for the elementary composition 
agree within the reasonable limits of analytic error with those for 
monostearyl lecithin alone.* In other words, an amount of the hemolytic 
constituent of cobra venom that is sufficient, when combined with 
lecithin, to destroy enormous quantities of red cells, is not sufficient in 
amount, in proportion to the amount of lecithin with which it is com- 
bined, to produce any appreciable modification of the analytical figures 
of the lecithin. 

In view of these facts, the fatuity of much of the work that has 
heen done in the attempt to localize the antitoxie constituent of horse 
serum must be apparent. Indeed, there are few phases of the subject of 
immuno-chemistry more full of contradiction than this one of the rela- 
tions of the globulins to the antitoxins.*;* The amount of globulin 
in the blood, and the proportion of the total proteins of the blood that 
it constitutes, depend on too many factors to permit of their being 
brought into line with the antitoxin content. It has been found that 
feeding and starvation modify the globulin ratio of the blood, as do 
also infection and cachexia, and Bolognesi’ believes that infecting bae- 
teria may cause a direct change of serum albumin to a serum globulin. 
In general any change observed in the ratio of the blood proteins of 
experimental animals, whatever the cause may be, is either relatively 
or absolutely in favor of the globulins. Even in far less subtle problems 
than those of immunology, determinations of blood globulins have been 
found to be altogether unreliable. To illustrate: In the regeneration 
of the blood after hemorrhages Baumann* found that the albumin in- 
creases faster than the globulin, while other observers have found just 
the opposite relation. It is certain, therefore, that to attempt to corre- 
late with the antitoxin production the proportion of globulin in an anti- 
toxin horse which is suffering from repeated bleedings, local infections, 
systemic intoxication, and often also from general decrepitude and senil- 
ity, is an impossible proposition. 

This statement is not intended to reflect on the very valuable work 
that has been done in separating the antitoxin containing globulins of 
antitoxie sera from the other proteins. These studies have shown con- 
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clusively that the antitoxin is actually bound in some way to the glob- 
ulins, if it is not itself a globulin, for were its precipitation merely 
a mechanical dragging down, it would certainly come down with the 
proteins that are thrown out of the serum before the globulins begin 
to be precipitated. It is noteworthy that the separation by Pick of anti- 
hodies of various kinds and origins in the different globulin fractions 
has entirely failed of corroboration by Gibson.’ 

The fallacy of making positive conclusions in any work of this kind 
is shown by Gibson’s statement that absolutely constant results can not 
always be obtained on successive repetition of the work.’® This inability 
to secure checking results is a common experience in nearly all phases 
of immunity work, and yet with how much ease have many writers dis- 
regarded these failures and drawn conclusions without seeking for suf- 
ficient controls! 

We may frankly admit, therefore, that we know nothing more def- 


inite concerning the nature of the antitoxin than we do of the nature of 


the toxin, except that we have very good reason to believe that its mole- 


cule is larger than that of the toxin, and there is much less opposition 
against holding that it is a protein. Antitoxins diffuse and dialvze 
much more slowly than do toxins; they seem to be destroved by proteo- 
lvtic enzymes, to behave in general like colloids, and in nearly all their 
properties they seem to be closely related to the serum globulins with 
which they are found associated. v. Behring™ has also brought for- 
ward an interesting bit of evidence in favor of the protein nature of 
antitoxin, to the effect that antibodies do dialyze a very little, and that 
the diffusate may contain antitoxin, although it seems to be free from 
proteins, according to the usual chemical reactions. UU ]tramicroscopic 
studies, however, showed that proteins were present in such solutions, 
and that they varied in amount in direct proportion to the antitoxic 
action of the solution. This observation must be considered in connec- 
tion with what has been previously stated concerning the failure to detect 
proteins by chemical reactions in solutions containing active ricin, be- 
cause the delicacy of the chemical reactions is far below that of the 
biologie reactions. 

Another point that bears on this subject, if we accept Ehrlich’s 
theory that the antitoxins are identical with the receptors of the cells, 
is the observation that the tetanophile receptors of nervous tissue seem 
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to be destroved by autolysis, at least the power to bind tetanus toxin 
is lost during this process.’*  Wolff-Eisner and Rosenbaum'* found, 
however, that antitoxie serum itself is not affected by autolysis, which 
they ascribe to a difference between free and attached receptors, but 
which might, with equal propriety, be urged against the usual view that 
these substances are one and the same. However, the technical difti- 
culties in these experiments present so many sources of error that one 
can not lay great weight on isolated observations. 

As to the nature of the reaction between toxin and antitoxin, one 
would, indeed, be foolhardy who would attempt to decide even for him- 
self the question that is now being disputed so vigorously, if not bit- 
terly, between the schools of Ehrlich, Bordet and Arrhenius: but it is 
at least interesting to observe how many facts that are brought for- 
ward can be interpreted with equal facility in favor of either the ab- 
sorption or the chemical union hypothesis. It would seem that the 
fundamental difficulty lies in the fact that the line has not vet been 
drawn between absorption phenomena and chemical reaction, even’ by 
the physical chemists working with simple substances of known compo- 
sition; therefore, how premature it is to attempt to decide the very 
same question with mixtures of absolutely unknown nature and of 
extreme complexity ! 

The application of physical chemistry to this question by Arrhenius 
has shown at least one thing which has been seriously neglected in 
many studies, namely, the failure of toxin and antitexin to unite com- 
pletely with one another in the usual toxin-antitoxin mixtures. Field 
and Teague’s interesting and important observations't on the migration 
of both toxins and antitoxins, and, for that matter, of practically all 
the other participants of immune reactions,’® toward the cathode, does 
not point against the view that chemical reaction occurs between toxin 
and antitoxin, as these observations suggest. By no means all chemical 
reactions are between ions of opposite electric charges; indeed, in or- 
ganic chemistry, and especially in biologic chemistry, the reactions gen- 
erally concern non-ionic molecules." We must appreciate that disso- 
ciation does not always mean ionization, and in organie chemistry the 
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dissociation of inert molecules into chemically active molecules is a fre- 
quent observation. 

This peculiarity of organic compounds is probably to be explained 
by the assumption now receiving favor among organic chemists, that 
the valences of the carbon atom are not all alike, but that they occur in 


pairs of opposite nature, thus + + > consequently, an organic mole- 


cule can and does dissociate in such a way as to leave free two bonds, 


one of which is positively charged and the other negatively charged. As, 


for example, in the dissociation of ethyl alcohol, which is believed to 


take place as follows: CH,CH.,OH +H.O. Such ai dis- 


sociated molecule is electrically neutral because of the opposite charges 
of the free valences, and, therefore, does not conduct electricity, and 
is not an ion, but it is tremendously active chemically. [t is believed 
by Nef, and he has brought out an enormous amount of evidence to 
support his views, that it is this sort of dissociation that occurs in by 
far the greater number of interactions between organic substances, as 
well as in the action of enzymes. It would seem to be perfectly pos- 
sible that large colloidal molecules, such as the proteins, may possess 
groups that ionize and impart electrical charges to the molecule as a 
whole, while, at the same time, reaction may occur between similarly 
charged molecules on account of the presence of such chemically active 
dissociated molecules, as Nef has described. 

One can not refer to the application of physical chemistry to im- 
munology without considering the recently published book of Arrhenius, 
which contains nearly all that has been done on this side of immuno- 
chemistry. The services of Arrhenius to physical chemistry have been 
so great, and the value of his work in this field is so unquestionable, that 
his views on the subject of immuno-chemistry must receive most careful 
consideration. Nevertheless, after reviewing this and other publications 
on the same topic, one can not fail to arrive at the conclusion that there 
is an irreconcilable difference between the exact methods of physical 
chemistry and the uncertain materials of immunology. Certainly one 
must admit that there have been numerous and serious errors in the 
work mentioned, and that there is a sound basis for Manwaring’s'™ 
claim that we can not at this time apply the methods of physical chem- 
istry to the study of serum pathology. 


A number of the specific errors of Arrhenius’s work have been 
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pointed out by Michaelis,"s among them being the following: First, 
in immunology we are probably dealing with colloids, of the type known 
as hydrophile in contradistinetion to those that are more of the nature 
of suspensions. In solutions of colloids of this type the finest subdi- 
visions do not consist of single molecules, or very small and constant 
groups of molecules, as is the case with simple solutions, but rather 
they are collected into aggregates of most uncertain and irregular size. 
This concept of the colloid solutions is disregarded by Arrhenius, who 
treats them as if they were true solutions. Therefore, when he speaks 
of two molecules of bound agglutinin being formed from three mole- 
cules of the free agglutinin, as is indicated by the equation derived from 
his experimental figures, he is probably not dealing with any such change 
at all, but rather with different sized aggregations of colloidal par- 
ticles. It may be noted in this connection that Gibson obtained results 
in certain of his work with fractionation of antitoxins that suggested a 
variation in “the size or condition of aggregation of the colloidal globu- 
lin 

Another case in error is shown by Michaelis, in that Arrhenius de- 
velops an equation for the precipitin reaction which indicates that it 
is similar to the precipitation of calcium from the solution of hydrate 
by CO,, in which an excess of the precipitant redissolves the precipitate. 
In order to do this he must assume that the precipitin and the precipi- 
tate unite in definite quantities, one equivalent of precipitable substance 
uniting with one equivalent of precipitin to form one unit of the precip- 
itate. This assumption is founded on the idea that the precipitate is 
of constant composition, which is altogether in contradiction to the facts. 
It is well known, and can positively be demonstrated, that the propor- 
tion of precipitin and precipitable substance in the precipitate vary 
within the widest ranges, and by no means according to the law of mul- 
tiple proportions.*”— Furthermore, the precipitin and precipitable sub- 
stance probably do not ordinarily unite with each other in anything like 
equivalent amounts, for it is well known that the precipitate is formed 
almost entirely from the constituents of the solution containing the pre- 
cipitin, so that the term “precipitable substance,” as ordinarily used, is 
altogether misleading.*! 

And, again, even if it were not common to the experience of every 
immunologist that many reactions fail to give duplicate results when 
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repeated under nearly as possible the same conditions, we must admit 


the impossibility of any accurate quantitative measurements of the sub- 
stances used in the immune reactions, or of the products of the reac- 
tion; but to prove the applicability of a law in physical chemistry cor- 
roboration by most exact analyses is necessary, and this is obviously im- 
possible by the methods of serum pathology, which, at best, give but 
approximate results. Also, according to Manwaring.** the mistake has 
heen made in applying the law of mass action to the phenomena of neu- 
tralization of toxin by antitoxin, and of lysins by antilvsins, of neglect- 
ing to allow for the presence of free products of dissociation of the 
hypothetic compounds. The explanation of the so-called *Danysz phe- 
nomenon” in toxin-antitoxin neutralization, which has been adopted 
by Arrhenius and Madsen, who attempt to consider it on the basis of 
chemical reactions, is criticized by Craw,* who points out certain 
striking similarities to certain well-known absorption phenomena. For 
example, several pieces of paper added to a given amount of dye solution 
will take up more of the dve than will an equal amount of paper added 
at one time.** And, finally, and perhaps the most important of all, the 
physico-chemical explanations fail utterly when we come to consider 
the exquisite specificity of many of the reactions of irn.munology. It is 
interesting to notice the abrupt way in which Arrhenius dismisses this 
all-important feature, practically without consideration, 

Even with the precipitin and agglutination reactions, which un- 
doubtedly give the closest analogies to the processes of physical chem- 
istry, the question of specificity stands up as a sphinx-like obstacle that 
has so far not been passed. Interesting observations have been made by 
Ivesco** on the precipitation of colloids of one electrical charge by col- 
loids of the opposite charge, and Field and 'Teague*® found that, while 
bacteria go toward the anode in the electrical stream, the agglutinins go 
toward the cathode, indicating that this reaction may be similar to the 
precipitation of oppositely charged colloids. But how is the specificity to 
he explained? Positively charged typhoid agglutinins agglutinate and 
precipitate negatively charged typhoid bacilli, but do not agglutinate 
cholera vibrios or colon and dysentery bacilli which are likewise nega- 
tively charged ! 

Nevertheless, the process of agglutination shows extensive resem- 
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Bordet’s early work, which showed that agglutination of bacteria by 
specific sera would not occur unless electrolytes were present. In other 
words, after bacteria have once been sensitized by agglutinin, they obey 
the same physical laws as the inorganic colloidal suspensions, which 
are characterized by being precipitated by the addition -of traces of 
electrolytes. Possibly agglutinin makes the bacteria permeable for the 
electrolytes. According to Bechhold,** bacteria that have been sensitized 
by agglutinin are agglutinated half way between the poles of an electric 
current, this agreeing with the observations of Field and Teague that 
the bacteria and the agglutinin have opposite charges, which implies that 
the agglutinin-bacteria compound may be electrically neutral or ampho- 
teric. As Neisser and Friedmann®* say, bacteria and agglutinin behave 
like colloidal suspensions of opposite charges which form electrically 
amphoteric colloidal suspensions that are precipitated by ions of elec- 
trolytes, which discharge them unequally and cause flocking and pre- 
cipitation. In their properties, especially in their relation to digestive 
enzymes, the agglutinins seem to be closely related to the serum globu- 
lins, with which they are always found in fractional precipitation of 
hlood proteins. 

The precipitins have aroused particular interest from the stand- 
point of chemistry, for they afford such a wonderfully delicate method 
of differentiating proteins that seem by all other methods to be identical ; 
and this specificity has emphasized, as nothing else could, the absolutely 
individual nature of the proteins of the most closely related species and 
races, and even of members of the same species. On what part of the 
protein molecule this specificity depends is of the greatest biologic in- 
terest, especially now that Kossel and Fischer have given us an insight 
into the structure of this molecule, and a start on this problem has 
heen made by Obermayer and Pick.** Their results suggest that the 
aromatic groups of the molecule are most closely related to the species 
specificity. 

When the aromatic radicals of a protein are combined with various 
substances the protein loses the power to produce precipitins of such 
closely limited specificity for the original species, while retaining the 
property of producing precipitins with a wider range of action, in that 
they precipitate proteins coming from more than one species. This indi- 
cates that the striking specificity of proteins of different species depends 
on the aromatic groups of the protein molecule, and Vaughan has found 
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evidence that the tONICILY of the proteins depends on these same groups. 
Fleischmann®® also found that tryptic digestion destroys this character- 
istic species specificity. It is interesting to consider that although the 
precipitin reaction itself so closely resembles the precipitation of one 
colloid by another of opposite charge, precipitins can not be produced 
for colloids other than proteins. 

It is in the study of hemolysis, however, that the greatest amount 
of chemical investigation has been done, for many reasons. In the 
first place the simple chemical hemolytic agents had been known for a 
long time when the immune hemolysins were first detected, and natur- 
ally every attempt was made to bring the unknown agents into compari- 
son with the known. Again, the similarity of hemolysis to the all- 
important processes of bacteriolysis made the more easily studied hemo- 
Ivtie processes the object of intense interest and activity. 

The results of the studies of hemolysis have, from the chemical 
standpoint, led particularly to the development of an understanding of 
the importance of fats and lipoids in the immune processes. This de- 
velopment really originated in the observations of Hans Meyer and of 
Overton, which had disclosed the important influence exerted by the cell 
lipoids on the entrance of anesthetics into the cells, and the resulting 
physiologic action of the anesthetics. Shortly after Ransom (1901) 
found that the normal power of serum to decrease or inhibit the hemo- 
Ivtic power of saponin depended on the cholesterin that the serum con- 
tains, and thus introduced for the first time a definite substance as, in a 
sense, an antibody. Since then it has been found that cholesterin pos- 
sesses more or less inhibiting power against a great variety of hemolytic 
agents, including not only the glucosides, but also simple chemicals. such 
as bichlorid of mercury, the hemolytic constituent of certain bacterial 
products, including especially tetanolysin, and of various organ extracts. 

Kves brought the action of complement into the same province when 
he demonstrated that lecithin acted as a most active complementing sub- 
stance for the hemolytic constituent of cobra venom, and found a method 
of isolating an active amboceptor-complement compound in at least ap- 
proximate chemical purity. His further studies*' of this compound 
have demonstrated that the union of amboceptor and complement is 
chemical, at least in this case, for during the reaction between cobra 
venom and lecithin free fatty acids are split out of the lecithin molecule: 
in the completely saturated lecithid, however, the amount of venom con- 


stituent is so minute in proportion to the amount of lecithin radicals. 
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with which it is combined, that the figures for the elementary analysis of 
the compound do not differ appreciably from those of monostearyl 
lecithin itself. Other compounds are also formed in which the propor- 
tion of lecithin is not so great, and analysis of these “incomplete 
lecithids” may possibly throw some light on the nature of the venom 
component. 

It is interesting to note that the presence of even a small amount of 
lecithin, combined with the hemolytic amboceptor, renders the latter in- 
capable of combining with antivenin. The molecular weight of the com- 
plete lecithid is between 2,000 and 3,000, and as lecithin has a molecular 
weight of only about 500, it would seem that several molecules are united 
in this compound. Teruuchi*? has made the interesting observation that 
an active mixture of pancreatic juice and succus entericus, which digests 
hoth proteins and lecithin, will not attack the cobra lecithid compound. 
Morgenroth and Carpi** also found that pepsin does not destroy the 
cobra lecithid, although it does attack the hemolytic constituent of un- 
treated venom. 

Recently the observations concerning the relations of lipoids to hem- 
olysis have been frequent and numerous. von Eisler** found evidence 
that the inhibiting cholesterin of the serum is probably for the most 
part bound to the proteins, and that cholesterin esters do not have this 
property of inhibition. Neuberg** ** has found that lipolytic substances 
have very considerable hemolytic powers, and, conversely, that the bac- 
terial, animal, and vegetable hemolysins are lipolytic, or at least that 
the fluids in which they are contained also contain lipolytic substances. 
Pascucei*® demonstrated by studies of artificial lipoid membranes that 
the hemolytic influence of the saponins depends on the lipoids in the 
membranes of the red corpuscles. Morgenroth and Reicher** have shown 
that cholesterin given by mouth will decrease the amount of anemia pro- 
duced by cobra-lecithin and suggest the use of cholesterin as a therapeutic 
agent against toxic anemias. 

Woelfel® found alcohol-soluble hemolytic substances in blood serum, 
and other investigators have found that alcoholic extracts of various or- 
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gans and tissues are hemolytic. Friedmann*’ and Wohlgemuth" have 
found that pancreatic juice contains a hemolysin that has properties 
similar to an ordinary hemolytic amboceptor, in that it may be acti- 
vated by lecithin, and a similar hemolysin is also present in the pan- 
creas itself (Noguchi**?). In many of these cases, as with the action of 
lipase and fatty acids described by Noguchi, the hemolytic action prob- 
ably depends on the formation of free fatty acids, which are themselves 
strongly hemolytic. Finally Noguchi**: ** has found that the soaps ex- 
tracted from serum and tissues, when mixed with serum itself, have 
properties that in many respects resemble the complements. Indeed, he 
finds many resemblances to complements in all substances of this class, 
so that he suggests the possibility that at least certain serum and cellular 
complements may actually be salts of the higher fatty acids with weak 
organic bases. This suggestion may be related to the observation of 
Hektoen*® that complement may be inactivated by the action of barium, 
calcium, strontium and magnesium ions, which are all precipitants of 
fatty acids. 

The inhibitive action of normal serum on immunity reactions and 


allied processes is by no means limited to the inhibition of saponin hemo- 


lvsis by cholesterin. Enzyme reactions are notoriously inhibited by nor- 


mal serum, and the presence of large quantities of serum is of similar 
influence in other processes. These effects are not all due to cholesterin, 
and it is generally assumed that the proteins are the chief inhibitive 
agent, while the presence of anti-enzymes, anti-complements, anti-im- 
mune bodies, ete., in normal serum, seems to be generally accepted, these 
Various anti-substances being supposed to be in some cases specific and 
in more cases not specific. 

There is one highly important property of normal serum, and as it 
does not seem to have been taken into consideration as yet by any of the 
writers on immunology, I may refer to it at this time. This is the re- 
markable property of the blood serum to suppress ionization. It has 
been well established by physical and chemical measurements that the 
blood is not alkaline under ordinary circumstances, and it probably never 
is either actually appreciably alkaline or acid under any conditions what- 
ever during life, for the occurrence of anything but a neutral reaction 
would certainly terminate life at once. Acidity and alkalinity are not 
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matters of color reactions with indicators, as has been too commonly 
assumed, but these terms indicate the presence of an excess of either 
hydroxyl er hydrogen ions in a solution, which ions affect our indicators 
variously, according to the chemical nature of the indicator used. It is 
impossible, at this time, to go into the proofs of these statements, and 
I can only explain to the extent of saving that the composition of the 
blood is, with apparent purposefulness, so ordered that neither free hydro- 
ven tions nor free hvdroxvl ions can exist in the blood in excess of the 
other to any appreciable amount; the blood is really almost quite as neu- 
tral as pure water, in which the few hydrogen and hydroxyl ions balance 
one another. Henderson and Black*® estimate that the amount of either 
hydrogen or hydroxyl ions free in excess in the protoplasm is not over 
five parts in LO000 000,000, 

This condition of neutrality is maintained, in spite of the diversified 
chemical processes of the body which constantly tend to produce either 
acidity or alkalinity, through the action of at least three sets of serum 
constituents, namely, the carbonates, the phosphates and the proteins, 
The carbonates and the phosphates owe their property of suppressing 
ionization to the readiness with which thev take up free ions of either 
ivdrogen or alkali metals, and pass into compounds that have a greater 
or less number of hydrogen ions, but that do not dissociate readily to 
liberate these ions, namely, the mono, di and tribasie phosphates and 
the mono and dicarbonates. The proteins pla a similar réle because of 
their ability to bind either positive or negative ions and to form com- 
pounds with them that dissociate but little. 

As far as the action of enzymes is concerned, we have good reason to 
believe that the presence of free ions is necessary, or is at least favorable, 
for speed of reaction. Note, for instance. the importance of free hvdro- 
ven ions for the action of pepsin and of the autolvtic enzymes, and of 
hydroxyl ions for trypsin. Of course, in the reactions of immunity we 
do not know whether or not ionization is an essential accompaniment, 
but we have excellent comparative grounds for believing that it is, since 
even in the case of the interaction of non-ionic active organic molecules 
the necessary dissociation of the molecule seems to be favered by the 
action of free ions. especially hydrogen and hydroxyl ions. May not this 
power of suppressing ionization, that is possessed by serum, be of im- 
portance in the phenomena of inhibition exhibited by normal serum 


against the reactions of immunity? IT have already found reasons for 
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believing that it is a factor to be reckoned with in the inhibitive action 
of normal serum on autolytic enzymes, and would suggest that it receive 
consideration by those who are studying other phenomena that occur in 
the presence of blood serum. I may mention that this inhibitive power 
of the blood is very limited in amount, for the small quantity of car- 
honates and phosphates is soon saturated, and so a large excess of serum 
is necessary to check any process by which either free hydrogen or hy- 
droxyl ions are being liberated. For example, in the autolysis of exu- 
dates, as studied by Opie, the autolysis is held in check only in the pres- 
ence of a very large excess of serum. If the amount of serum is small! 
the inhibitive action is only temporary. 

One can not conclude without at least referring to the recent develop- 
ments along the line of immunization against non-protein compounds. 
Although earlier investigators sought for immune bodies in the serum to 
account for the increased resistance against arsenic, morphin and similar 
poisons, vet the results were all negative, except for a few incorrect claims 
of immune sera against morphin. So constant were all these failures 


that at last it came to be accepted as a settled fact that no immune body 


could be obtained, except for proteins, or at least very closely related 


substances in case toxins and enzymes were found to be non-protein. To 
he sure, Kobert found a slight increase in the inhibitive action of the 
serum of animals immunized to saponin, which was ascribed to an in- 
crease in the cholesterin of the blood, perhaps derived from the excessive 
hemolysis that the saponin had produced, but even this modest result has 
not been fully confirmed. 

More recently certain French authors’ have described the develop- 
ment in animals immunized to bile or bile salts, of a slight degree of 
protective power in the serum, but Bermbach*® controverts this claim. 
Champy*’ also claims to have obtained by repeated injections of the potas- 
sium salt of cantharadin, in 3-7 mg. doses into rabbits, a serum which 
in 20 c.c, doses protects against 1 mg. of the cantharadin, but not against 
2 mg. One would hardly speak of this as immunizing! Ford" however, 
has found that 1 ¢.c. of serum from a guinea-pig immunized against an 
aqueous extract of Amanita phalloides neutralizes from five to eight 
times the lethal dose of this extract, the active principle of which is a 
glucoside, He has also secured an antitoxie serum against the active 
principle of Rhus toxicodendron, which is also a glucoside, with about 

. Nicolle: Ann. Inst, Pasteur, 1907, xxi, 26. 

. Ptliiger’s Archiv., 1907, exviii, 205. 

Jour. Phys. et Path. 1907, ix, 807, 

dour. Infect. Dis., 1907, iv, 541. 
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the same degree of efficiency as shown by the serum against Amanita. 
Further studies from this source will be awaited with great interest, es- 
pecially since so many unsuceessful attempts have previously been made 
to secure antisera for the hemolytic glucosides of the saponin group. It 
will be noticed that the degree of activity of these immune serums does 
not compare with that obtained against the true toxins of more complex 
nature. 

In this connection may be mentioned the very striking and funda- 
mental difference that exists between the defense of the body against the 
poisons of the toxin class and those of simpler chemical structure. Be- 
sides the quantitative difference in favor of the immunity against the 
complex toxins, and the failure of aequirement by the serum of the power 
of neutralizing or binding the simple poisons, we note also the entire 
lack of purposeful development of special substances to meet a special 
condition. Nearly all the simple poisons are inhibited or rendered inac- 
tive, to a greater or less extent, in one way or another, after they enter 
the body, but the substances that accomplish this do it in a casual way. 
These substances which bind or neutralize the poisons are, for the most 
part, themselves simple constituents of the body or products of its nor- 
mal metabolism, e. g.. sulphates, glycocoll, bile acids, glycuronice acid, 
ammonium salts, ete., which happen to have binding power for one or 
more of the poisons. If these poisons enter the body they combine with 
the neutralizing substance as far as the amount of this suffices, which 
is generally very incompletely. There does not follow, however, any evi- 
dent increase in the amount of this protective substance, and the excess 
of poison acts unhindered. There is no such special adaptation to meet 
a pathologie condition as occurs in infections, and hence there is no re- 
sistance against simple poisons, even in the most extreme cases of drug 
habituation, that compares with the resistance to such diseases as small- 


pox, searlet fever, ete. 


NO MARCH NUMBER. 


This number of the Archives of Internal Medicine— 
which should be the March number—has been unavoid- 
ably delayed. The Postoffice rulings require that it bear 


the date of the month of issue, which will explain why 


this appears as the April number. While there will be 


no March number, each volume will consist of six 
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ROLE OF VENOUS CONGESTION IN COMPENSATION OF 
TRICUSPID INSUFFICIENCY. 


W. J. CALVERT, M.D. 
COLUMBIA, MO. 


The possibility of the establishment of compensation in the lesions 
of the tricuspid valve was doubted by Romberg (Cf. Franke*) and hesi- 
tatingly admitted by Krehl (Cf. Franke?) on account of the weakness 
of the right auricle, which is the only cavity of the heart left to perform 
the task. MacKenzie! and others have, however, described cases of tri- 
cuspid insufficiency lasting over long periods. Recently, Franke? has 
cited several cases where, in the light of the literature, he believes that 
dilatation and hypertrophy of the right auricle and ventricle, venous 
congestion, and especially congestion of the liver were factors in main- 
taining compensation, 

The clearness with which the réle of venous congestion as an element 
in compensation is demonstrated makes the following case worthy of 
record : 

History.—The patient, an adult white female with a long-standing heart lesion, 
developed ascites. There was mitral insufficiency, secondary tricuspid insufli- 
ciency, and enlargement of the heart which extended beyond the anterior axillary 
line. The usual murmurs were present. The jugulars were greatly distended. 
Shortness of breath had been pronounced for many months. Edema of the lower 
extremities, varying in extent, had been present for a long time. There had been 
periods of broken compensation. 

With the onset of swelling of the abdomen, these signs were not materially 
changed. The patient had not been seen for a number of weeks when, on account 
of urgent dyspnea and rapid action of the heart, the physician was called. 

Examination—The heart was slightly displaced upward. The action was so 
tumultuous that, on auscultation, nothing could be determined with certainty. No 
radial pulse could be found. The jugulars were collapsed in diastole, and in 
systole presented a very large wave. The face was pale and the lips showed but a 
little color. There were no signs of congestion about the face, neck or upper 
extremities. Dyspnea was distressing. The abdomen was greatly distended and 
tense, the subcutaneous edema extensive. The lower extremities were greatly 
swollen and shapeless, 

Treatment.—The abdomen was tapped and immediately after the pressure was 
reduced the following conditions were noted: The rate of the heart’s action be- 
came regular and slower; the radial pulse returned. On auscultation, half an 
hour later, the murmurs had returned. The jugulars were greatly distended and 
the systolic pulsation reduced in extent. The face was at first congested, with the 
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lips blue. Within a few minutes, however, the lips became red and the respira- 
tions were slower, deeper and easier, After the first reaction the patient became 
more comfortable. 

The points of especial interest in this case appear to be the following: 

1. (a) The congestion of the superior cava,caused by the cardiac lesion, 
continued until the abdominal pressure obstructed the inferior cava, 
after which the branches of the superior cava were freely drained by the 
heart. (b) The congestion of the superior cava reappeared as the ob- 
struction of the inferior cava was removed by reducing the abdominal 
pressure. (ec) The diminution of the congestion of the superior cava 
was followed by a large systolic venous pulsation which diminished in 
extent as the congestion returned. . 

2. The heart’s action was phenomenally tumultuous and the quantity 
of blood delivered to the arteries was very small: there was no palpable 
radial pulse. 

3. Withdrawal of fluid from the abdomen was followed by congestion 
of the veins and lips, a retardation of the heart’s action, a very great 
improvement in the character of the radial pulse, and a relief of the 
clyspnea. 

4. The previous history pointed to the existence of tricuspid insuffi- 
ciency. 

Physiologic data show that the capillary pressure may vary from 
zero to 50 mm. of mercury, ranging under normal conditions from 10 to 
30 mm. If a ligature be placed about a finger, the capillary equals the 
static arterial pressure. It is, moreover, fallacious to argue that a_fall 
of arterial pressure necessarily produces a fall of pressure in all of the 
capillary areas of the body.* The capillary pressure is normally from 
one-sixth to one-third of the arterial pressure. 

The venous pressure is also influenced by the arterial pressure. 
Schiafer* says: “When all the venous exits from any part are ligated, 
then the pressure rises, peripherally to the seat of ligation, to the arterial 
pressure.” 

If the pressure in an obstructed vein from any part may rise to the 
arterial pressure, the same principle should apply to the entire venous 
system. This has been shown to be true by Cohnheim’s® experiments on 
pericardial pressures. Cohnheim inserted canule in the pericardium, 
femoral artery and jugular vein. Oil was injected into the pericardium 


and pressures were measured in millimeters of oil for the pericardium, 


3. Schiifer, Text-Book of Physiology, ii, 116. 
4. Vol. i, p. 121. 
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in millimeters of mercury for the femoral artery, and in millimeters of 
soda solution for the jugular vein. The results were as follows: 

1. Thirty mm. of oil pressure was taken up by the elasticity of the 
pericardium without change of pressure in either the femoral artery or 
jugular vein. 

2. Sixty to 70 mm. of oil pressure caused a drop of 20 to 30 mm. of 
mercury in the femoral artery and a rise of 60 mm. of soda solution in 
the jugular vein. 

3. One hundred to 120 mm. of oil pressure produced a fall in the 
femoral pressure to half its original height and a rise to 100 mm. of 
soda solution in the jugular vein. 

4. Two hundred and forty to 320 mm. of oil pressure caused a cessa- 
tion of pulsation in the pulmonary artery, but the femoral continued to 
pulsate and registered a pressure of from 10 to 15 mm. of mereury; the 
venous pressure was 220 to 240 mm. of soda solution. 

On removing the pericardial pressure the circulation returned to its 
original condition, save for a few minutes when the arterial pressure was 
above its original point. If in (4) the femoral pressure is converted into 
terms of soda solution, 133 to 200 mm., it is apparent that the venous 
pressure equals the arterial when the flow from the veins is blocked and 
the system becomes a closed pipe. In other words, the circulation in the 
systemic arteries, capillaries and veins is realiy one and is controlled by 
the same principles as those governing the action of fluids in an open or 
closed system of pipes. 

In a closed system the pressure is the same throughout, as illustrated 
in Cohnheim’s experiment when the venw cave were blocked, as in (4). 
Here the pressure in the cave and arteries was equal. In a partially 
closed system the pressure in the end distal to the pressure head is equal 
to that of the pressure head minus friction and flow. In Cohnheim’s 
experiment the ven cave were partially closed as in (3). The decreased 
flow of blood caused the arterial pressure to fall and the venous pressure 
to rise. The system being partially closed, the pressure throughout was 
proportionately equalized. In the normal condition the open ends of the 
system, the venw cave, register zero or less. Here all of the pressure 
head is consumed in friction and flow. 

The storage of blood in the veins is due to the arterial flow, and the 
pressure under which the blood is maintained in the veins is the arterial 
pressure minus friction and flow. The venous congestion may be com- 
pared to a closed system in which, while the blood is stationary, the 
pressure represents potential energy; while flowing, kinetic energy. Dur- 


ing life, venous congestion is associated with and to a degree equal to the 
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active force obstructing the flow of blood in the vein. It represents the 
potential energy of the arterial pressure or left ventricle, transferred 
from source of power of a partially closed tubular system to the distal 
end, to be used, as kinetic energy, in overcoming or compensating the 
force obstructing the flow of blood in the vein. The left ventricle com- 
pensates venous obstruction. 

Supported as it is, this theory as to the nature of venous congestion 
should form a safe basis for a consideration of some of the mechanics of 
pathologic circulatory changes. It is generally acknowledged that mitral 
insufliciency is usually associated with hypertrophy and dilatation of the 
left auricle and ventricle, pulmonary congestion and varying degrees of 
hypertrophy of the right ventricle (compare Mority*). In tricuspid 
insufficiency, hypertrophy and dilatation of the right auricle and ven- 
tricle may be compared with the similar changes in the left heart in mitral 
insufficiency; while the general venous congestion may be regarded as 
analogous to the pulmonic congestion. The role of the right ventricle 
in mitral lesions has, however, no counterpart in disease of the tricuspid 
valve. Both Stadler? and Franke? assert that, because of atrophy, it is 
impossible for the left ventricle to play a part in the compensation of 
tricuspid insufficiency. 

In the case cited, the course of events was probably somewhat as fol- 
lows: There was hypertrophy and dilatation of the heart, tricuspid in- 
sufliciency and intense venous congestion. The development of a termi- 
nal ascites gradually obstructed the inferior cava. As this obstruction 
developed, the flow of blood to the heart diminished until the superior 
cava and its branches were relieved of their former congestion, thereby 
removing all traces of congestion from the head and upper extremities. 
The jugular vein was collapsed in diastole, and in systole a large pulsa- 
tion, due to backflow from the right ventricle, was present. The pres- 
ence of the backflow into the superior cava which was not congested 
shows that, when the tricuspid lesion had developed, the backflow takes 
no part in the causation of congestion. 

In this case the superior cava was an open system in which the pres- 
sure at the extremity distal to the power should be low; while the power 
was much reduced, thereby diminishing the amount of blood which 
could, under low pressure, be forced through the capillaries. The low 
arterial pressure was indicated by the absence of radial pulse. The right 
ventricle was competent to move forward all the blood delivered by the 
vene cave, as was shown by the condition of the superior cava. This 
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competency of the right ventricle was due to rapid and forcible action 
of the heart. The low pressure in the superior cava developed when the 
amount of blood delivered to the systemic veins was less than that deliv- 
ered to the pulmonic artery. The inferior cava, obstructed by the peri- 
toneal pressure, was congested by a pressure which, undoubtedly, was 
equal to the low arterial pressure; and the circulation in the lower por- 
tion of the body was almost ni/, as indicated by the extreme edema. 

The absence of congestion of the superior cava, its presence in the 
inferior cava as a result of ascites, and the existence of the backflow 
which had no appreciable effect on the circulation in the superior cava, 
suggest that, in tricuspid insufficiency, the activity of the right ventricle 
may be considered under two heads: 1. The effort expended in pumping 
blood into the pulmonic artery. This factor is deficient as compared 
with the normal and is the immediate cause of venous congestion. 2. 
‘Lhe cifort expended in propelling the regurgitant blood into the auricle 
and veins. The production of this backflow acts mechanically by increas- 
ing, first, the auricular and, later, the auricular and venous pressure so 
1s to build, at the tricuspid opening, a wall, so to speak, of blood under 
high pressure, which, in part, takes the place of the tricuspid valve. 
This may be regarded as a utilization of a portion of the congested blood. 

‘ihe large systolic venous pulsations, the absence of radial pulse and 
ihe forcible rapid heart action show that only a small amount of blood 
was delivered to the arterial system and that a large portion of the blood 
was returned during each systole to the veins and right auricle in which 
th: pressure was low. Hypertrophy and dilatation of the right ventricle 
and. as MacKenzie’ suggests, the right auricle, were the only active com- 
pensatory factors. They were unequal to the task, leaving the heart to 
exhaust itself by rapid action which moved a minimum amount of blood 
and delivered a minimum amount of nutrition to the heart. 

When the abdominal pressure was relieved, congestion in the vene 
cave and distention of the right auricle were immediately re-established, 
thus furnishing a pressure of a degree sufficient to diminish the tricuspid 
regurgitation and to raise the pressure in the right ventricle to such an 
cxtent that a larger amount of blood was delivered to the pulmonie cir- 
culation and left heart. The dyspnea was then diminished; the heart’s 
aciien was reduced in rate and regular, the radial pulse returned, and the 
large systolic venous pulsation was diminished in size. 

lt snould be noted that, after the abdominal pressure was removed, 
the right ventricle had sufficient strength to perform the required work; 
it must consequently be inferred that the ventricle had the power neces- 


sary to pump the usual amount of blood while the inferior cava was ob- 
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structed. But during this period the low pressure in the auricle and 
superior cava offered the path of least resistance for the greater portion 
of the small amount of blood delivered by the superior cava. Venous 
congestion is the resistance on which the hypertrophied right ventricle 
must depend for support. 

The right ventricle would thus appear to depend on venous conges- 
tion of a degree sufficient to maintain a pressure which, with the addi- 
tion of that contributed by the backflow, may offer resistance enough to 
act as a substitute for the insufficient tricuspid valve. Now, since the 
venous congestion depends on, is caused by and represents the arterial 
pressure, minus friction and flow, or, in other words, the activity of the 
left ventricle, it follows that in tricuspid insufficiency the left ventricle 
hears the brunt of that part of compensation which is played by venous 
congestion. 

As the flow of bleod to the left heart is diminished, the work of the 
lefe ventricle is progressively lessened. The left ventricle may, there- 
fore, remain of normal thickness or it may become atrophied. The 
large normal excess of arterial pressure over that in the capillaries ren- 
ders it possible that even with diminished activity of the left ventricle 
and a lowered arterial pressure there may yet be a rise in venous pressure, 
a portion of which is utilized for compensation, the balance being con- 
sumec. through friction and flow of blood. 

The factors in tricuspid compensation usually considered* are: 1. 
Hypertrophy and dilatation of the right auricle. 2. Venous congestion. 
3. ILlypertrophy and dilatation of the right ventricle. 4. Aspirating 
effect of the thorax with inspiration. 

1. As the tricuspid valve begins to leak, the right auricle is distended 
and hypertrophies to some extent. But when the lesion becomes exten- 
sive, as in this case, the auricle plays a minor role, if, indeed, it plays 
an active part at all; it is, however, probably inactive, as shown in one 
case by Franke,? and especially noted by MacKenzie." If inactive, it 
virtually becomes a portion of the venous system. 

2. The venous congestion, compensatory venous congestion, may be 
considered under two heads: (a) the constant or accumulated (diastolic) 
pressure from the arterial system, and (b) the pressure added by the 
backflow from the right ventricle. 

These pressures serve two purposes: First, the constant pressure 
maintains the venous distention, so that, with the backflow of blood 
under a relatively high pressure, the venous pressure rapidly rises to a 
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maximum, after which the greatest possible amount of blood enters the 
pulmonary artery. Second, the maximum venous pressure aids in filling 
the ventricle during diastole. Through its elasticity. experimentally 
shown by Salamon,’ the liver in the pulsating venous system serves the 
same purpese as an air chamber in a force pump; it also supplies storage 
for blood. 

3. Hypertrophy of the right ventricle is required to develop the added 
systolic venous pressure and to perform the extra amount of work due 
to the size of the ventricular cavity when there is dilatation. Here, to 
propel the usual amount of blood, the muscle or power moves over a 
shorter distance, consequent!y must do more work. A certain amount of 
dilatation is necessary for compensation, supplying space for the blood 
which is returned in systole to the auricle and veins. Dilatation beyond 
this point furnish: s storage room for blood, 

4. Aspiration with: inspiration is a minor factor. 

5. To this test should be added the work of the left ventricle which 
is represented by the venous congestion. 

Of these factors, the venous congestion and the hypertrophy and 
dilatation of the right ventricle are the most important. Impairment 
of either factor leads to heart failure, each in its own way. 

In the one event the heart, deprived of the venous pressure against 
which it works, exhausts itself by increased activity and an ever-dimin- 
ishing amount of nutrition until it can no longer contract. At autopsy 
the heart and cave should contain little blood. In the other event, if 
the right ventricle fail, the right heart and veins are so distended with 
blood that the weakened heart muscle is unable to contract. At autopsy 
the right heart and veins are distended with blood, while the left heart 
contains little or no blood. 

CONCLUSIONS. 

In tricuspid insufficiency the left ventricle and venous congestion 
play the same rdle as do the right ventricle and the pulmonary conges- 
tion in mitral insufficiency. In the latter condition the congestion of the 
auricle and the pulmonary circulation furnishes the resistance against 
which the hypertrophied left ventricle works; in the former the conges- 
tion of the right auricle and cavw favor the action of the hypertrophied 
right ventricle. 

In the one, the right ventricle causes the pulmonie congestion; in 
the other, the left ventricle, the caval congestion. This is as it should 
he, for in each circulation the ventricle is best fitted to develop the neces- 
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sury venous pressure. The remaining factors have a temporary or minor 
influence on the compensation of insufficient mitral and tricuspid valves. 


SUMMARY. 


Mitral Insufficiency. 

\ Dilatation. 
L.. auricle. 

Hypertrophy. 
Dilatation. 
L. ventricle. 
Hypertrophy. 
Pulmonie veins, congestion. 
Pulmonic artery, congestion. 
R. ventricle, hypertrophy. 
Increased resistance. 


Tricuspid Insufficiency. 
R. auricle. 
/ Hypertrophy. 
R. ventricle. } 
Hypertrophy. 
Systemic veins, congestion. 
Systemic arteries, low pressure. 
L. ventricle, normal or atrophied. 
The normal margin of arterial 
pressure above that in the capil- 
laries makes possible a decrease in 
the arterial pressure (1. ventricle 
either norma! or atrophied) in the 
presence of a rise in the capillary 
pressure, until the venous, capil- 
lary and arterial pressures are 


relatively the same, or until the 
flow of blood through the capil- 
laries is insufficient to sustain life. 


TUBERCULOUS ULCER OF THE STOMACH, WITH REPORT 
OF A CASE.* 
THOMAS A. CLAYTOR, M.D. 
AND 
W. W. WILKINSON, M.D. 
WASHINGTON, 

According to Boas, three forms of tuberculosis of the stomach may 
be distinguished: the tuberculous granulomata (the rarest form), miliary 
tuberculosis of the gastric mucous membrane (the most frequent form), 
and finally tuberculous ulcer of the stomach. 

The comparative rarity of tuberculous ulcer of the stomach may be 
gathered from the following facts: Hamilton,’ in a careful study of the 
reported cases, was able to collect but 15 positive and 9 doubtful. Blumer? 
collected but 30 reliable instances. Arloing,® in his classic thesis, gives 
147. but he was not so discriminating as the writers mentioned above and 
included a number whieh thev had rejected, In view of the generally 
accepted fact that tuberculosis of the stomach is practically always sec- 
ondary to a tuberculous process elsewhere, the autopsy records on tuber- 
culous patients is of value here: 


Simmonds ...... rete S cases in 2,000 autopsies. 
Steiner and Neureutte: fcases in 302 autopsies. 
Widerhofer 2 cases in 418 autopsies 
Soltau Fenwick 2 cases in 2,000 autopsies, 
Pzpavoine case in 50 autopsies. 
Villegk . © eases in 1,317 autopsies. 
Jarthez and Rilliet cases in 141 autopsies. 
Miiller and Hecker 8 cases in 297 autopsies. 
Gerhardt 2 cases in 418 autopsies. 
Still cases in 226 autopsies. 


43 cases in 7,169 autopsies = 0.7 
It would appear from Arloing’s collected figures that tuberculosis of 
the stomach is more common in general miliary tuberculosis than in the 
chronie forms; thus Simmonds, among 100 cases of general miliary 
tuberculosis, found one instance where the stomach had been attacked. 
Frerichs noted 3 among 30 cases of miliary tuberculosis and only 7 in 


250 of the chronie form. 


* Read before the Medical Society of the District of Columbia, February, 1908, 
1. Bull, Johns Hopkins Hosp., April, 1897, p. 75. 

2. Albany Med. Ann., p. 145. 

3. Thesis, Lyons, 1902-3, 
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As to whether tuberculous lesions of the stomach are more common in 
children or in adults, we may again borrow from Arloing. Ilis collected 
figures show that in 2,115 autopsies on tuberculous children there were 
38 instances of stomach involvement (1.7 per cent.), while in 4,913 
autopsies on tuberculous adults there were but 23, or 0.45 per cent. In 
spite of these figures, this author is of the opinion that the condition is 
more often seen in adults. 

As to the favorite location of the ulcers there is some difference of 
opinion. Ricard and Chevrier,* from their collection of statistics, found 
that the pyloric region extending one or two centimeters from the open- 
ing was involved in about 35 per cent. of the cases; then the greater 
curvature, 20 per cent.; then the posterior surface, the lesser curvature, , 
the anterior surface, and the subcardiac region. Tripier would place the 
lesser curvature immediately after the pylorus in frequency of involve- 
ment. ‘The apparent preference for the pyloric end of the stomach has 
heen explained by Virchow and Rokitansky as due to the more numerous 
lvmphatie follicles in this locality. 

HISTORIC DATA. 

The first mention of tuberculous ulcer of the stomach is said to have 
been made by Andral and Cruveilhier in their treatise on pathologie 
anatomy in 1842. Since that time brief reference has been made by 
various authors of text-books to this condition. Bignon in 1853  pub- 
lished the first detailed account of a case of tuberculous ulcer of the 
stomach. Litten and Talamon in 1879 reported cases in which giant 
cells were found in microscopic examination of sections from ulcers. 
Coats’ in 1886 inaugurated a new era by demonstrating the specific 
bacilli in the lesions. Musser’s*® case, the report of which appeared in 
1890, was the first published in America in which Koch’s bacilli were 
found. 

In looking up cases recorded as tuberculous ulcers of the stomach, 
one is confronted with the difficulty of determining their authenticity. 
At the risk of excluding some in which there is little doubt as to the 
genuineness, it would seem best to accept only those in which a micro- 
scopic examination shows either a typical tuberculous picture or the 
tubercle bacilli in the walls of the uleer. This careful scrutiny seems 
the more necessary when we realize that the generally anemic and de- 
praved physical condition of tuberculous patients renders them excep- 
tionally good subjects for simple ulcer of the stomach. It is very likely 


4. Rev, de chir., 1905, xxxi, pp. 74 and 557. 
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that not a few phthisical patients suffer from peptic ulcers and the find- 
ing of the bacilli on the surface of such ulcers is no proof of their being 
truly tuberculous, as shown by Blumer and Happel’s* case of pulmonary 
tuberculosis associated with round ulcer of the stomach. 


MODE OF INFECTION. 

There are four avenues by which tuberculous infection might reach 
the stomach, viz.: by direct infection of the mucous membrane, through 
the lymphatics, through the blood stream, and through the serous coat. 

The first-mentioned mode of infection might appeal to us strongly 
because of the apparent ease with which the bacillus might be brought in 
contact with the mucous membrane of the stomach by the swallowing of 
infected sputum by those whose lungs are tubercular, and in infected 
food, but the best authorities do not consider this the usual manner. 
Arloing,* in his experiments on dogs, was unable in a single instance to 
produce ulcer of the stomach by administration of infected materials, 
his experiments including mechanical irritation and devitalization of 
areas of the mucosa by ligation of vessels and alterations in the chemical 
reactions of the gastric juice. 

Through the lymphatic system the bacilli might gain entrance di- 
rectly into the lymphatics of the stomach, or through the contiguity of 
an infected lymphatic gland; thus a tuberculous gland may become ad- 
herent to the wall of the stomach and ulcerate through. In our case 
there were three large caseous glands behind the ulcer, one of which was 
closely adherent to the floor of the ulcer and showed microscopic com- 
munication with it. 

Infection through the blood stream is believed by Arloing to be the 
inmost usual method. To support this theory, he brings the fact that in 
his numerous experiments on animals he was but twice able to produce a 
tuberculous gastric ulcer, and in both of these cases the bacilli had been 
injected into the blood stream. In one there had also been an intra- 
parietal injection. One of these artificially produced ulcers was situated 
in the duodenum, but to all intents and purposes a duodenal ulcer is 
practically the same as a gastric ulcer. The fact that tuberculous gas- 
trie ulcers are more common in acute miliary tuberculosis also strength- 
ens this theory. Infection through the serous coat of the stomach is 
admitted as at least possible, although certainly very unusual, 

We wish here to report a case of large single tuberculous ulcer of the 


cardiae end of the stomach without pulmonary involvement. 


7. Albany Med. Ann., 1898, p. 594. 
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Patient.—M. J., aged 18, female, single, was admitted to the Garfield Memorial 
Hospital April 12, 1907. 

Family History.—Negative. 

Previous History.—Diseases of childhood; otherwise healthy. 

Present Illness.—The patient has not been well for the past few months, but 
is unable to state exactly when iliness began. Appetite has been poor. Has lost 
weight greatly. Was treated in Freedman’s Hospital for three weeks about three 
months ago (does not remember exact date), and at that time she had persistent 
vomiting which occurred a few minutes after taking food or water and was not 
accompanied by nausea. There was diarrhea. Vomitus and dejecta sometimes 
contained blood (7). Now she complains of pain in throat, particularly on 
swallowing. There is vomiting and diarrhea, but not so severe as formerly. 
There is no cough but she raises considerable mucus from throat. She com- 
plains of a swelling in the upper part of the abdomen. Owing to the patient's 
low grade of mentality and weakened physical condition, the history was ob- 
tained with difficulty and is unsatisfactory. 

Physical Examination.—Emaciation extreme. Slight exophthalmos. Tongue 
clean, smooth and red. Pulse small, regular and frequent. Heart normal. Lungs 
normal. There is a distinct protrusion in the epigastric region, the most promi- 
nent point of which is in the median line, one-third of the distance from the 
xiphoid to the umbilicus. The abdominal wall is extremely tense, especially over 
the above-mentioned area, There is marked tenderness on pressure over the 
tumor, which is smooth and conforms in its general outline to an enlarged liver 
(which it later proved to be). The lower border of the right lobe of the liver is 
found to be on a level with the umbilicus; the lower border of the left lobe about 
two inches higher. Liver dulness begins above in the nipple line at the fifth inter- 
space and extends downward to a horizontal line just above the umbilicus, The 
left lobe extends te a point about two inches higher. There is dulness over the 
lower portion of Traube’s semilunar area. Posteriorly the liver dulness extends 
helow its normal position, The spleen can not be distinctly outlined. There are 
no superficial glandular enlargements. Knee jerks are absent. The record of 
the pulse, respirations and temperature were of no value from a diagnostic point 
of view. There was vomiting and diarrhea with involuntary movements. The 
various examinations in the clinical laboratory threw but little light on the case. 
These were as follows: 

SpcremM: April 14.—Negative to tubercle bacilli. 

Vomirus: Very sour fluid with strong acid reaction. Contains milk curds 
and a large amount of mucous of a purulent character. Trace of 
lactic acid. Microscopic examination showed numerous leucocytes, no 
red cells, numerous large bacilli, sarcine and other organisms, 

BLoop: April 6.— 

Hemoglobin 80 per cent. 

Red cells .. -4,848,000 

Leucocytes 15,200 
April 15.— 


Hemoglobin 70 per cent. 


Red cells ... . .4,920,000 
Leucocytes 28.200 

Differential leucocyte count, 509 cells: 
Small lymphocytes 16.0 
Large lymphocytes 28 
Transitional 1.0 
80.0 


Polynuclear 
Kosinophile 
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Urine: April 6.—Acid reaction. Specitic gravity, 1015. Albumin, 7 per cent. 
Granular casts. Numerous leucocytes. 
April 13.—Acid reaction. Specific gravity, 1007. Albumin, 5 per cent. 
Hyaline and granular casts. Numerous leucocytes. 
April 17.—Acid reaction. Specitie gravity, 1015. Albumin, 8 per cent 
Granular casts. Numerous leucocytes. 
Feces: April 15.—Light yellow fluid stool, with granular sediment. Offensive 
odor. Few epithelial cells and leucocytes. No red cells. Cercomanos 
intestinalis numerous. 


Treatment and Result-——¥rom the history and from the enlarged liver, malig 
nant disease of the stomach, with probably a secondary involvement of the former 
organ, was suspected in spite of the patient’s age (18 years). With the possibil 
ity of tuberculous peritonitis in view, Dr. A. A, Snyder opened the abdomen and 
discovered very minute miliary tubercles on the small intestine, though no active 
inflammatory condition existed. Death occurred shortly afterward. The extreme 
tenderness over the liver, especially in the epigastric region, already mentioned, 
must have been due to the large gastric ulcer disclosed at the autopsy, the details 
of which follow. Tuberculous ulcer of the stomach was not suspected, though the 
history suggested a possible ulcer. 


AvuTopsy—Macroscopic EXAMINATION. 

General Appearance.—Small negro girl. Much emaciated. Bones small and 
symmetrical. Marked depression of supraclavicular and infraclavicular regions, 
not so mar.ed in intercostal spaces. Breasts relatively well developed. No skin 
lesions. 


Respiratory System.—Larynx normal, Lungs collapsed on opening thoracic 
cavity. They are of a pinkish-white color and mottled with anthracotic pigment, 
soft, crepitant and float in water. On section, moderately moist, reddish pink 
color and pigmented. Bronchi contain pinkish frothy material. Neither lung 
shows any adhesions. The pleura is a light pink color and smooth throughout; 
no adhesions. Bronchial glands not enlarged and show no gross evidence of tuber- 
culosis. 

Circulatory System.—Heart small, weighing 145 grams. Normal position. 
Brownish-red color and flabby texture. Aortic and pulmonary valves normal. 
The tricuspid leaflets thickened and show areas of opacity. Anterior leaflet of 
mitral valve thickened, yellowish white and quite hard. All cavities contain dark 
clotted blood. Pericardium normal. No atheroma of aorta. 

Lymph Glands.—The retroperitoneal glands were much enlarged, forming a 
fusiform tumor along the left of the spinal column for about six inches, the 
upper pole lying beneath the left lobe of the liver. These glands are conglomerate, 
soft, of a greenish-yellow color, and completely necrotic from cheesy degeneration. 
The centers of some of them have undergone liquefaction. The glands along the 
lesser curvature of the stomach, portal vein, behind the stomach, and around the 
head of the pancreas are also enlarged and similarly affected. The mesenteric 
glands are but slightly enlarged and are congested. Near the intestinal ulcer is 
one the size of a pea. Superficial glands are not enlarged. 

Npleen.—Bright red color, dry, firm and greasy on section, Usual markings 
replaced by lobular like structure. Weight, 130 grams. [odin reaction for 


amyloid. 

Thyroid Gland.—Normal. 

Liver.—Ten em, below costal arch in midaxillary line; 12 em. below ensiform. 
On left extends to junction of midclavicular line and ninth costal cartilage. Upper 
relations normal. Weight, 1.800 grams. Firm and slightly nodular to the touch. 
Reddish green color. On section, dry, firm and greasy. lIodin reaction for amyloid 
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positive. The nodules beneath the capsule are small, yellowish white and soft, 
and similar areas are seen deeper in the organ. 

Pancreas.—Normal in size and situation. Head firmly bound down by ad- 
hesions with enlarged glands. On section head shows areas of cheesy degeneration. 
None found in tail. 

Kidneys.—Normal position. Pale, firm and greasy. Weight of right, 140 
grams; left, 160 grams. 

Genital Organs.—Uterus small and retroflexed by adhesions. Right ovary pro- 
lapsed into cul-de-sac; left one firmly adherent. Organs normal. 


ALIMENTARY TRACT, 

Peritoneum.—Parietal layer pinkish-white, smooth, moist and glistening; 200 
e.e. cloudy reddish fluid in cavity. Adhesions in region of cecum and _ pelvis. 
Omentum ample, contains normal amount of fat, bile-stained in region of gall 
bladder, 

Intestines.—The small intestine is a pale pink color. From the pylorus to the 
cecum, beneath the serous coat, are numerous minute grayish-white, raised 
points, giving a granular appearance to the gut. About midway, within the 
lumen, is a circular ulcer 2 cm. wide. Ulcer is undermined with ragged edges, 
which show some thickening. An enlarged gland is present just without at the 
mesenteric attachment, but not communicating. Bowel is congested in region of 
uleer, Large intestine collapsed and no lesions present either without or within. 

Stomach.—Organ small and normally situated, No adhesions except at cardia 
and along lesser curvature. Dissection of this region shows three large caseous 
lymphatic glands, the largest 4 by 2 em.; one situated close to the esophagus, one 
about the middle of the lesser curvature, and the other between these two. The 
gland in relation with the esophagus has no connection with the stomach wall, 
but the other two are intimately fused with what proves to be the base of a large 
ulcer on the inside of the stomach. The outer gland shows calcareous areas, and 
all are caseous. Several small congested glands are seen around the cardiac 
orifice, but these are not caseous as are the larger ones. On opening the stomach 
a large single ulcer is seen in the cardiac end, extending nearly around the 
esophageal opening and to the middle of the lesser curvature, its outer extent 
corresponding to the situation of the outer large lymphatie gland. It is covered 
with a yellowish-white mucoid material. The dimensions of the ulcer are: 
Length, 9 cm.; width, 4.5 em. Its edges are irregular, undermined, much thick 
ened, very firm and pale. The floor is cribriform and of varying thickness, meas- 
uring at one point 4 mm., at another 1 mm., and at one point only the serous coat 
is present. Tuberecles are not evident in the floor. Dissection from without in, 
opposite the middle lymphatic gland, just beneath the superficial portion of the 
floor, shows a caleareous area 2 mm, in diameter, surrounded by a circular zone 
of pearly white tissue. The mucosa elsewhere shows no ulcers. The lymphatics 
on the serous coat in the vicinity of the caseous glands and elsewhere show no 
tubercles. 

Esophagus.—Normal. 


AvtTorpsy—HISTOLOGICAL EXAMINATION, 


Liver.—Extreme amyloid degeneration. Tubercles, with giant cells. Round 
cell proliferation in portal tracts and a high grade of fatty degeneration. 

Pancreas.—Section from head shows caseation, but no giant cells. Areas of 
round cell proliferation in lobules. 

Kidneys.—Extensive degeneration of epithelium of convoluted tubules. Marked 
amyloid degeneration, principally in the tufts. Areas of round cell proliferation 
throughout. Increase of connective tissue between tubules in pyramidal portion. 
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Spleen.—Practically al] amyloid. Here and there are seen remains of Mal- 
pighian bodies with dilated and congested vessels. No tubercles seen. 
Intestine.—Sections from ulcer and contiguous tissue show numerous tubercu- 
lous areas, varying in size. The centers of these are caseous, with outer zones of 
lymphoid and epithelioid cells. The most conspicuous condition is a hyperplasia 
of the connective tissue elements in the submucosa, with areas of adipose tissue 
and numerous dilated and congested vessels. Giant cells are present, but only 
occasionally seen. The vessel walls are thickened and show a hyaline degeneration. 
In places the muscular coat has been infiltrated, and in some places entirely re- 
placed, by the tuberculous process, the latter extending to the peritoneal coat. 
The base of the ulcer shows superficial necrosis, beneath which is connective tissue, 
infiltrated with lymphoid and epithelioid cells. Edges of ulcer show chronic thick- 
ing. Mucosa of intestine elsewhere shows atrophy of epithelial elements. 
Stomach.—Our studies here included examination of section from various por- 
tions of the ulcer and stomach wall. The base of the ulcer is for the most part 
composed of the outer longitudinal muscular coat, though in places there is only 
the thickened serosa. The gastric surface shows superficial necrosis. Beneath 
this zone of necrosis is a chronic hyperplasia of the connective tissue, with many 
lymphoid and epithelioid cells. In some places the muscular coat is entirely re- 
placed by this process. The serous coat is much thickened and infiltrated with 
lymphoid cells, which are seen in longitudinal columns. Some of the vessels are 
completely organized and all show thickened walls with a hyaline degeneration. 
Direct communication can be traced to one of the lymphatic glands through the 
serous coat. The edges show atrophy, distortion and degeneration of the gland 
tubules, with a marked proliferation of the interglandular connective tissue. 
Near the esophagus are areas showing dense aggregations of lymphoid cells with 
necrotic centers. One of these extends to the surface. No giant cells are seen in 
any of the stomach sections examined. Tubercle bacilli in small numbers (usually 
in groups of two or three) are found in the edge of the ulcer. The organ in other 
portions, but for an atrophy of the mucosa, is normal. 
Lungs.—Larger vessels congested and mild grade of capillary congestion. 
Anthracosis. Alveoli dilated in places, but contain no exudate, cells or débris. 


M yocardium.—Normal. 

Thyroid Gland.—Normal. 

Lymph Glands.—Sections of various lymphatic glands show them to be uni- 
formly necrotic, with occasionally a narrow rim of the gland tissue. No giant 
cells are seen in any of the glands. 

ANATOMIC DIAGNOSIS, 


Single tuberculous ulceration of the stomach and intestine; tuberculosis of the 
abdominal lymphatie glands, liver and pancreas, Amyloid degeneration of spleen, 
liver and kidneys. Tuberculous peritonitis, involving the visceral layer of the 
small intestine. 

The point of greatest interest in our case is the healthy condition of 


the lungs. which is most unusual when there is tuberculous ulcer of the 


stomach. We have found but six similar instances, abstracts of which 
follow 
Man, 57 years old, sick three months, greatly 


CASE 1.—Reported by Besnier.- 
Nothing found in thorax or abdomen to 


emaciated, lower extremities edematous, 
The only symptoms: Diarrhea, loss of appetite and vomiting. 


explain cachexia. 
large gland ad- 


Autopsy showed tuberculosis of the abdominal glands, with one 


8. Bull. Soe. anat. de Paris. March, 1867, p. 97. 
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herent to the posterior wall of the stomach, this gland having suppurated and 
perforated into the organ. 

Case 2.—Reported by Paulicki.” Man, 41 years old, presenting symptoms of 
anorexia, repeated bloody vomiting, finally death from peritonitis. Autopsy 
showed several ulcers near the pylorus, varying in size, the largest, one and one- 
half inches long, situated on the anterior surface of the stomach, had perforated. 
Tuberculosis of the glands along the lesser curvature and of the mesenteric glands, 
Uleers in the intestines. Few miliary granulations in liver and kidneys. No 
tuberculosis of the lungs, 

Case 3.—Reported by Hattute.” Man, 47 years old, complained of having 
vomited his food for about eight years. After each meal there was acute pain in 
the stomach. There would be distension and in from ten to twenty minutes, very 
rarely at the end of an hour, vomiting would occur. This happened even after 
small amounts of water were taken. There was marked tenderness over the 
epigastrium. No melena. Autopsy showed tuberculous peritonitis, marked pyloric 
obstruction due to a circular mass of granulations similar to those on the perito- 
neum. Mesenteric and bronchial glands tuberculous. Some pleural adhesions. 
Lungs healthy. 

Case 4.—Reported by Lava." Man, 26 years old, history of gastric catarrh for 
three years. Epigastric pain, vomiting and diarrhea. Abdomen became tender 
to pressure. A painful mass felt in the right hypochondrium, The diagnosis of 
pyloric stenosis, with probably gastric ulcer was made. Symptoms of acute peri- 
tonitis developed and death occurred in twenty-four hours. Autopsy showed a 
circular ulcer found in the pylorie region which had perforated. Old adhesions 
between the stomach and intestines. Pyloric glands very large and caseous. 
Microscopic examination showed typical tubercular structure. No trace of tuber- 
culous process in the lungs or in other organs. 

This case was most remarkable in that there was no tuberculous process in 
other organs. 

Case 5.—Reported by Orlandi.” Man, 26 years old, suffered from the age of 
14 to 17 with intestinal parasites. Some years later, dyspeptic symptoms devel- 
oped, at first stomachic, later intestinal. These phenomena grew progressively 
worse, with rapid emaciation, finally ending in death. Autopsy showed an annu- 
lar ulcer surrounding and obstructing the pylorus. Neighboring lymphatic glands 
were greatly enlarged and caseous. Histologic examination proved the ulcer to 
be tuberculous. There was no trace of tuberculosis of the lungs or of any other 
lymphatie glands. This was apparently a primary lesion of the stomach. 

Case 6.—Reported by Margarucci.", Man, 65 years old, delicate from infancy, 
had malarial fever and syphilis. Some years earlier he began to vomit after eat- 
ing, at first without pain. For six years he vomited five or six times a day, 
sometimes immediately after taking food. more often several hours after. He 
then had a respite of five months, during which time the digestion was simply 
labored. The trouble then reappeared and was variable for three years. Soon 
in addition to vomiting, severe epigastric pain was added, and the vomitus had 
the appearance of coffee grounds. The stomach became more and more irritable 
and emaciation rapidly ensued. He never had any cough or fever. There was 
constipation later, followed by diarrhea. The abdomen was retracted. and marked 
intestinal peristalsis was visible. Below the xyphoid, deep pressure caused pain 


9. Berl. klin. Wehnschr., August, 1867, p. 349. 
10. Gaz, d. Hop., 1874, p. 859. 
11. Gaz. med, di Torino, 1893, p. 915. 
12. Gaz. med. di Torino, 1893, p. 33, 
13. Policlinico, Rome, 1898, p. 75. Sezione Chirurgica. 
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and an ill-defined resistant surface could be felt moving slightly with respiration. 
Clinical tests indicated pyloric obstruction. Gastroenterostomy and enteroplasty 
were done, but death occurred two days later. Autopsy showed multiple stenoses 
of the intestine and stenosis of the pylorus, due to an ulcer which was histolog- 
ically shown to be tuberculous. The lungs were free from tuberculosis, 

The first four cases were cited by Arloing,® the last two by Ricard 
and Chevrier.* 

SUM MARY. 

Our studies show a case of tuberculous infection of the digestive 
tract, as evidenced by the limitation of the process to the stomach, intes- 
tine, liver, pancreas and lymphatic structures draining these organs. 

There existed a large single tuberculous ulcer of the stomach, with no 
involvement of other parts of the organ. This ulcer possessed the usual 
characteristics of a tuberculous lesion—ragged, thickened, undermined 
edges and cribriform floor. This was confirmed by histologic examination 
and the finding of tubercle bacilli in the tissue. 

The connective tissue hyperplasia, absence of giant cells and paucity 
of bacilli in the tissue, speak for an attenuated infective process. 

The route of infection seems to have been through the lymphatic 
system of the gastrointestinal tract. Pulmonary origin has been abso- 
lutely excluded by the absence of any tuberculous lesions in the lungs 
or bronchial glands. This fact was determined with great care, both 
macroscopically and microscopically. 

As to whether the primary seat of infection was the ulcer in the 
stomach, from which the abdominal lymphatics became infected, or 
whether the lymphatic glands infected the gastric wall by contiguity, we 
are unable to say, but the latter seems the more probable. 


1315 New Hampshire Avenue. 
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SEROTHERAPY OF EPIDEMIC CEREBROSPINAL 
MENINGITIS. 
REPORT OF TWELVE CASES. 
W.S. CHASE, M.D., HUNT, MD. 
AKRON, OLTO, 

In the months of April, May and June, 1907, there were reported to 
the Health Officer of Akron 22 cases of epidemic cerebrospinal meningi- 
tis. The first case came down April 28, the most of them occurring in 
May and June. The last one was admitted to the hospital September 11, 
having first shown symptoms six days before. 

Four of the patients, strong, healthy young men, were emploved at 
one of the local rubber factories. In no other instance could there be 
shown any possibility of communication by contact. In fact, a striking 
feature of the epidemie was the occurrence, at the same time, in widely 
separated districts of the city, of single cases. 

Twelve of the cases were treated at the Akron City Hospital. Of 
these, 3 of the patients died and 9 recovered, a mortality of 25 per cent. 
Of the cases outside, one patient recovered and 9 died, a mortality of 90 
per cent. All of those treated at the hospital received the Flexner anti- 
serum. Those treated outside did not. The diagnosis of the case of the 
one outside patient, who recovered, was not confirmed by lumbar punc- 
ture and presented atypical symptoms. 

While realizing the ease with which the post hoc may blossom into 
the propter hoc, when the treatment of any disease is concerned, it seems 
to us that the striking difference in the mortality rate of these two sets 
of cases is more than enough to warrant a further and wider trial of the 
Flexner antiserum. 

At the time of the outbreak in Akron the Flexner antiserum had been 
tried in a few cases at Castalia, Ohio. A supply of this serum was sent 
to Akron by Dr. Flexner from the Rockefeller Institute of New York, 
with the understanding that the necessary bacteriologic examinations be 
made in each case. In order that this might be done under the most 
favorable conditions, it was decided that the serum should be adminis- 
tered only to patients received at the Akron City Hospital. That fact 
was communicated to the physicians of the city, and a committee of 
three physicians from the medical staff of the hospital was appointed to 
see in consultation the cases of epidemic spinal meningitis admitted, and 


to have general supervision of the serum administration and of the bac- 
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ieriologic work. That committee consisted of Drs. A. A. Kohler, C. FE. 
Held, and W. 8. Chase. They were assisted in their work by Drs. M. L. 
Hunt and G. M. Logan, the hospital internes. 

The diagnosis was made in no case on the clinical signs alone, but 
these were supplemented, in each instance, by microscopic and culture 
tests of the spinal fluid withdrawn by lumbar puncture. A puncture was 
done under aseptic precautions whenever clinical evidence warranted it 
and as soon as possible after the patient’s admission. 

In the first few cases the antiserum was not administered until after 
a microscopic examination of the withdrawn fluid had been made show- 
ing the presence of Weichselbaum’s Diplococcus intracellularis. Later 
on, when the clinical evidence seemed positive, the injection of the serum 
was made at the time of the first puncture; but in all cases the clinical 
evidence was corroborated by the subsequent microscopic findings. 

As all the patients were more or less wildly delirious, it was found 
advisable to perform lumbar puncture, in almost every instance, under 
general anesthesia. For that purpose chloroform was used. An ordinary 


aspirating needle was employed, about 10 em. in length, and, with the 


patient on his side, with thighs flexed on the abdomen and shoulders 
brought forward, the needle was inserted about 1 em. beyond the median 
line, between the third and fourth lumbar vertebra. This level is crossed 
by a line connecting the iliac crests. 

The only medication any of the patients received, aside from the 
injections of serum, was an occasional hypodermic injection of morphin 
combined with hydrobromate of hyoscin, when delirium and restlessness 
were pronounced. This was not given to all the patients. 

The following synopses taken from the clinical charts while the 
patients were in the hospital show the progress of each case from day to 
day: 

Case 1.—Patient.—V. H., aged 9, schoolgirl. Referred by Dr. L. R. C. Eber- 
hard. Admitted April 30, 1907, at 9:30 p. m. 

History.—Patient first complained of pain in the stomach and legs aching 
April 28; vomited early in the morning and frequently during the day. She 
became unconscious about 7 p. m. April 28 and was restless and noisy most of 
the night. The same conditions prevailed on Tuesday morning, when the family 
noticed retraction of the head and rigidity of the neck. Tuesday evening patient 
became worse and more restless, throwing and tossing herself about and scream- 
ing. Sordes on tongue, lips and teeth. 

Condition on Admission.—Temperature 99.6 F., pulse 100, respiration 24. 
Unconscious; restless and screaming, especially if touched; pupils moderately 
dilated but fixed; no nystagmus: plantar, patellar and abdominal reflexes ab- 
sent; Kernig sign positive; herpes labialis: neck rigidity marked and opisthoto- 


nus; sphincters intact. 
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May 1 and 2: Condition unchanged, 

May 2: Temperature 99.6; pulse 100. Lumbar puncture at 9 a. m. yielded 30 
c.c. of opalescent fluid; examination showed diplococci, extra- and intra-cellular, 

May 3: Condition practically the same as on preceding day, except for loss of 
sphincter control. 

May 4: Condition no better. On lumbar puncture at 10 a. m. 10 ec. of fluid 
withdrawn and 10 e¢.c, of antiserum injected. Convulsions involving left side 
and face from 10:40 until midnight; chloroform necessary to control; con- 
scious at 8 p. m.; reflexes absent; Kernig present; neck rigid; nystagmus. 

May 5: Temperature nermal part of the day; pulse 116 to 120. Condition 
improved; called for milk and water; restless at intervals, 

May 7: Temperature and pulse normal. Restless and noisy at times. 

May 8: Temperature began to rise and reached 103.6 F. 

May 9: Complained of frontal headache. On puncture 30 ¢.c. of fluid with- 
drawn; 7.5 ¢.c. of serum injected. Vomited supper. Reflexes absent. 

May 10 and 11: Temperature at or near normal all day; child much improved; 
not very restless. 

May 12: Temperature rose to 104.2; pulse 140. Restless and noisy in the even- 
ing; headache. On puncture at 9 p. m,. 60 ec, of fluid withdrawn; 7.5 c.c. of 
serum injected; stained specimens failed to show diplococci. 

May 13 and 14: Temperature at or near normal; greatly improved. 

May 15: Temperature 99 to 104 F.; pulse 94 to 136. Puncture at 8 p. m. yielded 
20 e.c. of fluid; no serum injected. 

May 16: Child not so well; vomited during the day; severe headache and rest- 
less, 

May 17: Very irritable; noisy and restless; headache; slight abdominal reflex 
present. 

May 19: Knee and plantar reflexes present for first time; Kernig positive. Ra- 
tional; irritable, but more quiet than usual; calls for food. 

May 20 to 25: No marked change, except for some pain in right leg along course 
of femoral nerve. 

May 25: At 10 a. m. 90 cc. of fluid withdrawn by puncture; 20 ¢.c, of serum 
injected; stain negative. At 8 p. m. marked urticaria, 

May 26: Temperature normal most of the day; quiet and felt much better; 
reflexes all present; pain in right leg better; mentality good; involuntary uri- 
nation. Continued thus for two days. 

May 28 to June 3: Temperature ranged between 99 and 103 F. 

June 3: Very restless, shouting and erying. At 10 p. m. puncture yielded 75 
c.c, of fluid; 15 ¢.c. of serum injected, 

June 4 to 14: Temperature was practically normal; general condition good; 
rational and moderately quiet most of the time. Reflexes all present and nor- 
mal; Kernig absent; neck not rigid; perfect function of all parts; no head 
ache; appetite capricious. 

June 14: Patient became very restless and noisy. Severe pain in back, leg and 
abdomen; face flushed; urine and feces involuntary; reflexes all normal; Ker- 
nig absent; no neck rigidity. 

June 15: At 2 p. m. puncture yielded 75 c.c. of fluid; stain positive; 22.5 c.c. 
of serum injected. Vomited at midnight. 

June 16: Vomited in the morning; refused breakfast; complained somewhat of 


frontal headache. 

June 17: Better to-day; no pain; appetite good. 

June 26: Condition good. Reflexes all present and normal; Kernig absent; neck 
not rigid; no unfavorable sequele apparent. Sitting up in bec did not disturb 
her; less irritable than at any time. Temperature normai from this date on. 
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1.—(1) 30 e.e, cerebrospinal fluid withdrawn; no antiserum given. (2) 10 ee, cerebrospinal fluid withdrawn and 10 
cc, antiserum injected. (3) 30 ¢.c. cerebrospinal fluid withdrawn and 7.5 c.c. antiserum injected. (4) 60° ce, cerebrospinal fluid with- 
drawn and 7.5 ¢.e, antiserum injected. (5) 20 ce. cerebrospinal fluid withdrawn and no antiserum injected. (6) 90 c.c. cerebrospinal fluid 
withdrawn and 20 ¢.c, antiserum injected. (7) 75 «ec, cerebrospinal fluid withdrawn and 15 ¢.. antiserum injected. (8) 75 ec. cerebro- 
spinal fluid withdrawn and 22.5 ¢.c, antiserum injected, 
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She began to walk, and July 4 commenced to develop a kyphosis; no angular 
deformity; spine mobile, not painful; only noticeable when standing; involved 
the whole length of spine. Gymnastics and massage were instituted and used 
until July 14, when she was put in plaster jacket. The child made a gooid 
recovery, and left the hospital Aug. 6, 1907, 96 days after admission. She has 
been back to the hospital several times since, and is bright mentally and in good 
condition 

The clinical symptoms in this ease were typical, and it would have 
been almost impossible for one to make an error in diagnosis depending 
on them alone. This was the first case in which the Flexner antiserum 
was used. It was brought from Cleveland by Dr. Ladd, who saw the 
patient in consultation. There was nothing then to govern the dosage 
in human beings, but the largest dose which had been given up to that 
time (10 c.c.) was administered May 4, care being taken to inject no 
more in volume than the fluid withdrawn. This precaution was after- 
ward disregarded as unnecessary, and the dosage was very materially 
increased. In spite of the precaution, however, the first injection was 
followed by convulsions. These were not excited by large amounts later 
on and did not appear spontaneously. It is, therefore, probable that the 
association was accidental. 

As Flexner and Jobling have pointed out in their article which ap- 
peared in the January (1908) number of Experimental Medicine, where 
the first record of the treatment of human beings with this serum is 
given, it is very difficult to assign a definite effect to the serum in a case 
so protracted as this. These facts, however, stand out in the history: 
Within 24 hours following each injection of serum the patient’s mental 
condition was materially improved and the temperature dropped to nor- 
mal or nearly normal. That improvement was not noticed following a 
lumbar puncture on May 15, when no serum was injected. Neither was 
there a fall of temperature nor an improvement in the mental condition 
when the exacerbations, which occurred periodically throughout the 
course of the disease, were allowed to go without a lumbar puncture or 
an injection of serum. 

Case 2.—Patient.—H. K., aged 17; rubber worker. Treated by Dr. George 
Rankin. Admitted May 9, 1907, at 12 m. 

History.—Patient was perfectly well on May 8 and worked, but returned home, 
not feeling well, complaining of headache; was restless the greater part of the 
night and did not sleep well; vomited during the night, and became unconscious a 
few hours before admission to the hospital. He also complained of pain in ex- 


tremities and cramps in legs. 

Condition on Admission.—Temperature 101.6 F.; at 11 p. m. temperature was 
105.4 F. Pulse 90; pulseless after 2 p.m. Respiration 40; gradually increased 
to 70 at 10 p. m. Comatose. Pupils: Left contracted, right dilated; did not 
react to light. Slight nystagmus; plantar, patellar and abdominal reflexes ab- 
sent; Kernig sign present: no herpes; neck rigid; loss of sphincter control. On 
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puncture at 3 p.m. 60 e.c, of opalescent fluid withdrawn; stain positive. A see 

ond puncture at 11 p. m. gave 60 c.c. of tluid. The antiserum had to be obtained 

from Cleveland, and none was received until 11 p. m., when 10 ¢.c, were adminis 
tered. At that time patient was practically pulseless. 

May 10: Temperature at 3 a. m., 106.8 F.; pulseless. Temperature at 5 a. m., 
107.2 F.; Cheyne-Stokes respiration; cyanosed; vomited frequently after 12 m. 
Died at 5:42 a. m. 

CASE 3.—Patient.—B. S., aged 19: rubber worker. Treated by Dr. W. 8. 
Chase. Admitted May 14, 1907, at 6 a. m. 

History.—Patient was well up to May 12, two days before admission to the 
hospital, when he went to his room complaining of headache. He also had a chill. 
He was in bed all day May 13; headache worse; vomited and was nauseated; did 
not eat anything all day. He became unconscious about the time he was moved 
from his room to start for the hospital. 
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Fig. 2.—Case 3.—(1) 60 cerebrospinal thuid withdrawn and 20 e.c. anti 


serum injected. 


Condition on Admission.—Temperature 99 F.; at midnight temperature was 
101.6 F. Pulse 56; 9 a. m. to 12 m. pulseless; midnight, 86; markedly eyanosed. 
Respiration from 32 to 34 and irregular at midnight. Unconscious and wildly 
delirious; pupils normal; no nystagmus; plantar, patellar and abdominal reflexes 
absent; Kernig sign positive; no herpes; neck rigid; sphincters intact; urine 
showed albumin. 

May 15: No better. Temperature at 3 p. m., 102.4 F.; pulse 80; respiration 30. 
Delirious ; neck and spine rigid; talking constantly; gets out of bed; passed a 
round worm 11 inches long. 

May 16: No better. At midnight temperature 102.4 F.; pulse 120; respiration 
26. Involuntary urination. Puncture attempted, but not successful. 

May 17: No better. At 6 p, m. temperature 101.6 F.; pulse 110; respiration 28. 
Delirious and restless all day. Coughing; face flushed at times; passed a round 
worm 9 inches long. 

May 18: No better. At 3 p. m. temperature 102.4 F.; pulse 98; respiration 28. 
Delirious and restless. 

May 19: Highest temperature 102.2 F.; pulse 108 and weak; respiration 24. 
Not quite so restless; involuntary urination. Condition continued practically 
unchanged until May 22, when temperature was normal all day; passed two 
round worms. Temperature also normal on May 26, but ranged between 9% 
and 103.6 F. on May 23, 24, 25 and 27. 
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May 27: Physical examination showed neck rigid; slight return of plantar and 
patellar reflexes; abdominal reflex absent. Lumbar puncture at 10 a. m., under 
local anesthesia, yielded 60 ¢.c. of slightly cloudy fluid; 20 e.c. of antiserum 
injected; stain showed diplococci, 

May 28: Temperature normal all day; patient resting and eating well; ap- 
parently in good condition. 

May 29: Temperature normal all day; neck rigidity less. Patient continued to 
improve until June 6, the twenty-fourth day of the disease, when he was able to 
walk out of the hospital. 


Case 4.—Patient.—F. N., aged 32; laborer. Treated by Drs, W. S. Chase and 
Charles E, Held. Admitted May 16, 1907, at 4:30 p. m. 

History.—Patient, who was a strong, hearty man, had always been well. He 
worked on May 15, but complained of severe headache during the latter part of 
the day and in the evening. He went to his family physician, who prescribed for 
his pain, but without relief. On the morning of the 16th he was no better and 
still complained of severe pain in his head and neck, but had no fever. Morphin, 
in 1% gr. doses hypodermatically, did not relieve him. A little later he became 
delirious. Muscular rigidity was marked. 
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Fig. 3.—Case 4.—(1) 90 ¢.c, cerebrospinal fluid withdrawn and 25 c.c. anti- 
serum injected, 


Condition on Admission.—Temperature 104.2 F.; pulse 124; respiration 30. 
Conscious at times only; delirious and restless; pupils normal; plantar, patellar 
and abdominal reflexes absent; Kernig sign positive; no herpes; no neck rigidity ; 
sphincters intact; no nystagmus, 

May 17: Temperature at 6 a. m. 101.8 F.; 9 p. m. 102.2 F. Condition slightly 
improved; conscious at times; noisy and restless; severe pain in head. Urine 
showed albumin and casts. Put in restraint. Puncture unsuccessful. Pulse 
weak at times—128 and 134. 

May 18: Temperature at 6 a, m. 98.6 F.; pulse 96. At 12 m. temperature 
102 F.; pulse 100. Severe pain in head; delirious and noisy. 

May 19: Temperature at 6 a. m. 102.6 F.; pulse 116. At 9 p. m. temperature 
103 F.; pulse 130. Pain in head severe; delirious and noisy most of the time; 
hallucinations; respiration 34 to 48 and irregular. 

May 20: Temperature at 6 a, m. 100 F.; pulse 110. At 9 p. m. temperature 
101.2 F.; pulse 110. Condition the same as on preceding day. 

May 21: Temperature at 6 a, m, 101 F.; pulse 106. At 9 p. m. temperature 


104.4 F.; pulse 110. Condition not much changed; delirious; restless; talking 


and hiecoughing. 
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May 22: Temperature at 6 a. m. 102.6 F.; pulse 98. At 12 m. temperature 102 
F.; pulse 98. On puncture with a long needle 90 c.c, of fluid withdrawn; stain 
showed diplococci; 25 ¢.c. of serum injected. Pulse irregular. 

May 23: Temperature at 6 a. m. 100.8 F.; pulse 96. At 12 m. temperature 98 
F.; pulse 90. Patient much improved; conscious and resting quietly all day. 
May 24: Temperature normal; condition good, except pain in right arm at 

times. Urine showed trace of albumin; few casts. Appetite good. 

May 25: Temperature normal; no pain; felt well; reflexes all present; Kernig 
absent; neck slightly rigid. 

May 26 to 31: Continued to improve; sat up in bed. Reflexes all present; no 
pain. 

June 1 to 5: Furunele in right axilla incised. Sat up every day; no pain, Tem- 
perature normal. 

June 6: Temperature at 6 a.m. 98 F.; pulse 98. At 9 p. m. temperature 100.2 
F.; pulse 94. Severe pain in back and legs; unable to move legs; reflexes in 
legs and feet can not be elicited—rigid; pain and tactile sensation undisturbed. 

June 7: Temperature at 6 a, m. 99.6 F.; pulse 114, At 12 m. temperature 99.4 
F.; pulse 104. Extremities less painful, except when moved; marked tenderness 
over large nerve trunks; pain in lower jaw on movement. 

June 8: Temperature at 6 a, m. 100 F.; pulse 106. At 9 p. m. temperature 99.4 
F.; pulse 104. Felt better; less pain and tenderness not marked. Leucocyte 
count 22,600, 

June 9: Temperature normal; much better; moved legs without pain. 

June 10 to 15: Neuritis continued to improve. Discharged, feeling well, June 
15, thirty-one days after admission, 


Cases 3 and 4 were both marked by a very severe onset. In Case 3 


the patient showed extreme cyanosis an hour after admission and was 
pulseless at the wrist. Diffusible stimulants and oxygen were used 
freely. These cases are of special interest when compared with some of 
the others, in that the injections of antiserum were made rather late in 


the disease. So far as two cases of the same disease can resemble each other 
they were running the same kind of course. In Case 3 a successful 
puncture was made on the fifteenth day of the disease. Within 24 hours 
after an injection of 20 ¢.c. of antiserum the temperature was normal 
and the mental condition greatly improved. In Case 4 puncture and 
injection were performed on the tenth day. Within 24 hours the pa- 
tient’s temperature was normal and he had passed from a period of wild 
delirium to one of complete consciousness and quiet. It is noteworthy 
to observe, also, that both patients, save for the neuritis in Case 4, made 
speedy and uneventful recoveries. 

Case 5.—Patient.—B. K., aged 15; factory girl. Treated by Dr. L. R. C. 
Eberhard. Admitted May 16, 1907, at 9 a. m. 

History.—Patient had some headache May 15. It was not very severe, but 
she noticed that she was more nervous than usual. She slept well that night and 
was conscious on the morning of May 16. Still complained of headache, which 
was more severe than on the day before. She refused breakfast. Her mother 
wave her an enema, thinking it would relieve her pain. After this the mother 
went downstairs and returned in about twenty minutes to find the patient un 


conscious. The family physician was called and found the patient throwing her- 
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self around and tossing about on the bed. Rigidity was very marked. She was 

sent to the hospital at once. 

Condition on Admission.—Temperature 103.6 F.; pulse 84 and irregular; 
respiration 34; comatose; pupils dilated, but reacted; nystagmus; plantar, patel- 
lar and abdominal reflexes absent; Kernig sign positive; no herpes; neck rigid; 
sphincters intact; urine showed albumin. Lumbar puncture gave 45 c.c. of 
opalescent fluid; diplococci present; 15 ¢.c. of antiserum injected. 

May 17: Temperature at 6 a, m, 99.8 F.; pulse 70; respiration 24. At 12 m. 
temperature 102.6 F.; pulse 100; respiration 26, Conscious; noisy and restless 
at times and complained of severe headache. 

May 18: Temperature at 6 a, m. 101.6 F.; pulse 94; respiration 20. At 12 m. 
temperature 100.2 F.; pulse 82; respiration 24. Semiconscious; knee and 
plantar reflexes present; abdominal retlex absent; Kernig sign present; pain in 
head severe; noisy at times; involuntary urination. 

May 19: Temperature at 6 a. m, 100.8 F.; pulse 90; respiration 20. At 12 m. 
temperature 102 F.; pulse 96; respiration 22. Semiconscious, but rational 
when spoken to; herpes labialis appearing; knee and plantar reflexes dimin- 
ished; abdominal retlex absent; internal squint of both eyes—more pronounced 
in right. On puncture there was withdrawn 4.5 ¢.c. of cloudy fluid; 5 ec. of 
serum injected. 
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Fig. 4.—Case 5.—(1) 45 ¢.c, cerebrospinal tluid withdrawn and 15 c¢.c. anti 
serum injected. (2) 45 ¢.c. cerebrospinal fluid withdrawn and 5 ¢.c. antiserum 
injected. (3) 4 ec. cerebrospinal fluid withdrawn and 3.5 ¢.c. antiserum in 
jected. (4) 75 ec, cerebrospinal tluid withdrawn and 20 ¢.c. antiserum injected, 


May 20: Temperature 100.8 to 102.6 F.; pulse 106 to 120, About same condi 
tion as on day preceding; strabismus not quite so marked; rational when 
spoken to; unable to move arms; headache severe. 

May 21: Temperature in the morning 103.2 F. Puncture yielded 4 ¢.c. of fluid; 
3.5 cc. of serum injected; stain positive. 

May 22: Very irritable; headache severe; pain all over on being moved; herpes 
on ear; squint not so marked; pupils dilated, react; knee and plantar reflexes 
present; transient hyperemic areas on abdomen. 

May 23: Restless and noisy; severe pain in left leg; unable to move left arm 
and leg; headache constant. 

May 24: Temperature at 6 a.m, 100.6 F.; pulse 120. At 12 m. temperature 102 
F.; pulse 100, Semiconscious; irritable; pain in head, left arm and leg; right 


arm all right. 
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May 25: Condition same as on preceding day, except decubitus of left heel and 
elbow; tactile and pain sensations normal on left side; 75 ec. of tluid with 
drawn by puncture and 20 ¢.c. of serum injected; stain failed to show diplo- 
cocci; involuntary urination and bowel movements. 

May 26: Temperature at 6 a. m. 101.4 F.; pulse 108. At 12 m. temperature 
100.6 F.; pulse 120. Patient better; complains of pain in head at times and is 
restless and noisy; rational when spoken to; reflexes same as on preceding day. 

May 27: Temperature at 6 a. m. 100 F.; pulse 104. At 12 m. temperature 102.6 
F.; respiration 26. Reflexes all present; conscious; neck rigid; Kernig sign 
present; pain in head, arms and legs on movement, 

May 28: Temperature 98.4 to 99.4 F. Urticaria on knees and elbows. 

May 30: Patient improved. Some headache at times: urine normal: no involun 
tary urination; knee and plantar reflexes normal; abdominal reflex absent: 
Kernig sign present; neck less rigid; left arm and leg well; sphineters normal. 
From this day patient gradually improved, highest rectal temperature being 
99.8 F. Her appetite was good and she was free from pain, but she did not 
gain strength rapidly. 

June 8: Kernig sign absent; neck not so rigid; no pain anywhere; felt well, and 
appetite excellent. She had normal temperature from this date until date of 
discharge, June 27, being 41 days after admission to the hospital. She was 
perfectly well in every way, except not as strong as formerly. Patient came to 
the hospital early in September, feeling all right in every way. 


In the light of our present knowledge, it is apparent that the first 


three injections in this case were entirely too small, especially the second 


and third. It is uncertain, of course, whether larger doses at these times 
would have affected the course of the disease, but they should certainl\ 
have been given. 


Case 6.—Patient.—Z, H., female, aged 17; rubber worker. Treated by Dr. W 
S. Chase. Admitted May 19, 1907, at 6 p. m. , 

History.—Patient had been well, and worked until Saturday noon preceding 
She complained somewhat of soreness and aching in the back and legs. At 2 a. in 
May 19 she complained of headache and became unconscious about 3 a.m. She 
was first seen by a physician at 7 a. m, and was reported to have some fever 
During the early morning and taroughout the day she vomited several times and 
was unconscious and very restless, continually tossing about, rolling het eves and 
head and holding herself in tonic contractures. 

Condition on Admission—Temperature at 6 101.6 F.; 99 F. at mid 
night. Pulse at 6 p.m. 104; S80 at midnight. Respiration at 6 p. m. 28; 18 at 
midnight. Comatose ; pupils equal, moderately dilated and reacted to light ; 
nystagmus; plantar and patellar reflexes present; abdominal absent; Kernig sign 
present; no herpes; neck rigid; control of anal sphincter lost. Lumbar puncture 
gave 45 c.c, of opalescent fluid; diplococci present; 15 ¢.c. of antiserum injected. 
May 20: Temperature normal; patient conscious; talked rationally to members 
of her family at 3 a, m.; some frontal headache. 

May 21: Temperature normal; mentality not quite so good; involuntary urina 
tion and bowel movements; herpes appearing on lips; hyperemic areas on abdo 
men. At 9 p. m. 60 e.c, of fluid withdrawn by lumbar puncture; diplococei 
present; 7.5 c.c. of antiserum injected. 

May 22: Temperature at midnight 99.2 F.; pulse 92; respiration 18. Patient in 


good condition. Died suddenly at 12:30 a.m. No postmortem permitted. 
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It will be noted from the history that this patient became unconscious 
at 3a.m.on May 19. She was seen by a physician at 7 a. m. and ad- 
mitted to the hospital at 6 p. m. on the same day. She was given 15 c.c. 
of the antiserum about an hour after admission. At 3 a. m. the next day 
her temperature was normal. She had passed from a deeply comatose 
state to one of perfect consciousness and conversed freely with members 
of her family. The change was so marked and so impressed the members 
of the family that they thought a miracle had been performed. 

The second injection was given on the evening of May 21, not because 
her general condition did not seem excellent, but because she was slightly 
duller mentally than on the day before. She was reported in good condi- 
tion at 11:30 p.m. An hour later the attending nurse heard her breath- 
ing heavily, and in five minutes she was dead. An autopsy was © »t per- 
mitted, and death must be put down to one of those accide..ts liable to 
occur at any time during the course of a severe infection. We can not 
connect in any way her sudden death with the second puncture. She 
took the anesthetic well and was in good condition after coming out from 
under its influence. 


Case 7.—Patient.—H. 8., aged 14; school boy. Treated by Dr. A. F. Sippy 
Admitted May 22, 1907, at 8 p. m. 

History.—Patient had been well and first complained of headache the evening 
of May 21. On the morning of May 22 he had vomited twice and complained of 
severe pain in the head. His temperature was 101 F.; pulse normal. At 5 p. m. 
he became delirious, with pupils dilated and fixed, but no neck rigidity. 

Condition on Admission.—Temperature 104 F.; pulse 120; respiration 44; 
unconscious; comatose; wildly delirious and noisy; pupils dilated and fixed; no 
nystagmus; plantar, patellar and abdominal reflexes absent; Kernig sign present ; 
no herpes; neck slightly rigid; sphincters intact. On puncture 75 c.c. of opales- 
cent fluid obtained; diplococei present; 15 c.c. of antiserum injected. 

May 23: Improved; semiconscious; temperature 100 F.; pulse 80; respiration 
26; restless and noisy at times; rational at times and complained of severe 
headache. 

May 24: Temperature at 6 a. m. 101.8 F.; 9 p. m, 99.8 F. Rational all day; 
vomited once; severe headache at night. 

May 25: Temperature at 9 a. m. 102 F.; pulse 66; respiration 26. On puncture 
75 cc, of fluid obtained; 20 ¢.c. of serum injected. Rational all day. Tem- 
perature at 9 p. m. 98.8 F.; pulse 68; respiration 24. , 

May 26: Improved; temperature normal all day; pain in head less; reflexes all 
present; neck rigidity less. 

May 27: Improved; temperature at 7 p. m. 98 F.; resting well; some pain in 
head. 

May 28: Temperature at 7 p. m. 99.8 F.; resting well; no pain; neck slightly 
rigid. 

May 29: Temperature at 3 p. m. 100.2 F.; normal at 12 m.; no pain. 

May 30: Temperature 100 F. at 12 m., 3 p. m. and 6 p, m.; normal at 9 p. m.; 
appetite better; no pain. 

May 31: Temperature at 6 p. m. 99.8 F. 
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June 1: Temperature at 3 p. m. 99.2 F. 
June 2: From this day on temperature was normal, 
June 8: On this day, 18 days after admission, patient sat up in bed three hours. 
Discharged from hospital. 
This case, while not of the fulminating type, was certainly severe. 
Any one seeing the boy at the time of admission to the hospital would 


surely have been justified in giving a very grave prognosis. This being 
the seventh case in our series, the attending physician became bold enough 
to give the boy 15 ¢.c. of antiserum at the first injection. The symptoms 
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Fig. 5.—CAse 7.—(1) 75 cerebrospinal fluid withdrawn and 15 of 
antiserum injected. (2) 75 e.c. cerebrospinal fluid withdrawn and 20 e¢.c, anti 


serum injected, 


did not abate so rapidly in this case as in some of the others, and on the 
fourth day of illness the temperature rose to 103 F. A puncture was 
made and 75 ¢.c. of spinal fluid withdrawn. It was then decided to give 
20 c.c. of antiserum. In ten hours his temperature was normal and he 
made an uninterrupted recovery. 

CASE 8.—Patient.—R. M., aged 17; electrician. Treated by Dr. W. S. Chase. 
Admitted May 25, 1907, at 1 p. m. 

History.—Patient, who was an employé of a local rubber company, quit work 
at noon on Mav 24 because he did not feel well. He went home, but did not go to 
bed; refused supper, and later in the evening vomited. He went to bed early, 
complaining of headache, and was restless the greater part of the night. His 
headache was worse in the morning. He refused breakfast, and vomited again. 
About 10 a. m. he became unconscious. 
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Condition on Admission —Temperature 105.2 F.; pulse 142; respiration 20; 
comatose—violent ; pupils slightly contracted and reacted to light; no nystagmus; 
plantar reflex present, patellar slightly exaggerated, abdominal absent; Kernig 
sign present; no herpes; neck rigid and painful to move; sphincters intact. On 
puncture 15 e¢.c, opalescent fluid withdrawn; diplococei present; 15 ¢.c. serum 
injected. 

May 26: Patient worse. Temperature 102.2 F.; pulse 100; respiration 6; cya- 
nosed; puncture and withdrawal of 15 c.c. of fluid, stain of which showed diplo- 
cocci, Died shortly after midnight. 


Case 9.—Patient.—G, G., aged 17; school girl. Treated by Drs. G. A. Theiss 
and A. F, Sippy. Admitted June 9, 1907, at 7 p. m. 

History.—Patient was well until 24 hours before admission to the hospital. 
when she began to complain of malaise and headache. She vomited during the 
night and became unconscious at 2:30 p. m. June 9, just 41, hours before admis- 
sion to the* hospital. 

Condition on Admission.—Temperature 98.4 F.; pulse 108; respiration 20. 
Uneonscious ; comatose and very restless; pupils normal; no nystagmus; plantar, 
patellar and abdominal reflexes absent; Kernig sign positive; no herpes; neck 
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Fig. 6.—Case 9.—(1) 90 e.c, cerebrospinal thuid withdrawn and 22.5 ¢.e. anti 
serum injected. 


rigid; sphincters intact. Puncture yielded 90 c¢.c, of opalescent fluid; stain posi 

tive; 22.5 ¢.c, of antiserum injected, 

June 10: Temperature at 6 a. m. 97.2 F.; pulse 102. Temperature subnormal all 
day; rational at times; slight opisthotonus and nystagmus. It was necessary 
to use a catheter. 

June 11: Temperature subnormal all day; conscious and rational; abdominal 
and plantar reflexes present; patellar reflex absent; Kernig sign marked; neck 
rigid; herpes labialis; no pain. 

June 12: Highest temperature 99.6 F.; pulse 84. Mental condition excellent; 
spoke of pain in head only when asked; reflexes all present; Kernig sign pres- 
ent; neck rigid and painful on movement; got out of bed and went to closet 
alone. Patient graduatiy improved from the fourth to the twelfth day of the 
disease. Reflexes all returned. Neck rigidity disappeared. Kernig sign dis- 
appeared, Appetite improved. Free from pain most of the time. 


June 21: Temperature normal; sat up in chair; ate and slept well; no sequel. 


June 23: Discharged, 15 days after admission, 


The onset in this case was not very severe, although within 24 hours 


the patient was in a comatose condition and opisthotonus was marked. 


W.S. CHASE AND M. L, HUNT. 307 


All the reflexes were lost. Despite these symptoms and the presence of 
large numbers of the Diplococcus intracellularis, the patient’s tempera- 
ture was normal and the respirations were but slightly accelerated. 


Case 10.—Patient.—J. A. S., aged 24; postman. Treated by Dr. George Ran- 
kin. Admitted June 24, 1907, at 11 a. m. 

History.—Patient had been well, and worked until the day before his admis- 
sion to the hospital. On that day he attended a picnic and was exposed to the hot 
sun. He went home in the evening with headache and feeling ill. This he attrib- 
uted to the effects of the sun. He did not sleep well and was restless, complained 
more of headache, and became unconscious about 5 a, m, July 24. 

Condition on Admission.—Temperature 103.8 F.; pulse 70; respiration 36; 
comatose and very restless; face flushed; got out of bed; pupils moderately di- 
lated, respond to light; plantar, patellar and abdominal reflexes absent; Kernig 
sign positive; no herpes; neck moderately rigid; involuntary urination and 
bowel movements; no nystagmus. Puncture yielded 90 e.c, of fluid; stain posi 
tive; 22.5 cc. of serum injected, 
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Fig. 7.—Case 10.—(1) 90 cerebrospinal fluid withdrawn and 22.5 
antiserum injected. (2) 45 ¢.c. cerebrospinal fluid withdrawn and 22.5 e.ec. anti- 
serum injected. (3) 60 ¢.c. cerebrospinal fluid withdrawn and 30 ¢.c. antiserum 
injected. (4) 45 ee. cerebrospinal fluid withdtawn and 30 ¢.c. antiserum in- 
jected. 


June 25: Temperature at 6 a, m. 101.2 F.; pulse 60. At 12 m. temperature 
100.6 F.; pulse 64. Semiconscious; responds when spoken to, but mutters un- 
intelligibly when attempting to form sentences; restless at times; knee reflex 
absent; plantar and abdominal reflexes present; neck more rigid; Kernig sign 
present; pupils equal, dilated and respond to light. 

June 26: Temperature at 6 a. m, 101.2 F.; pulse 64. At 12 m. temperature 
103 F.; pulse 72. Conscious and rational; neck less rigid; some headache. 

June 27: . Temperature at 6 a. m, 102.4 F.; pulse 70. At 12 m. temperature 
103.2 F.; pulse 92. Herpes labialis appearing. At 2 a. m, puncture gave 45 
c.ec, of fluid; 22.5 ¢.c, of serum administered. At 9 a. m, rational; singing and 
talking with other patients; reflexes improved; Kernig sign present ; neck rigid; 
involuntary urination, 

June 28: Temperature at 6 a. m. 103 F.; pulse 74. At 12 m. temperature 102 
F.: pulse 80, Mental condition good; some pain in back of neck. 
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June 29: Temperature at 6 a, m. 101.8 F.; pulse 80. At 12 m. temperature 
101.2 F.; pulse 74. Same condition as on preceding day. Pain in back of neck 
and head, 

June 30: Temperature at 6 a, m. 102.4 F.; pulse 72. At 12 m. temperature 
101.6 F.; pulse 80. Condition good; reflexes all present; Kernig sign present ; 
neck rigid and painful on movement; some headache; herpes labialis extensive 
and painful. 

July 2: Temperature at 6 a. m. 100.4 F.; pulse 70. At 9 p. m. temperature 
103.6 F.; pulse 80. Condition the same as on preceding day. At 9 p. m. pune- 
ture gave 60 e.c, of fluid; 30 ¢.c. of serum injected, 

July 3: Temperature at 6 a, m, 99 F.; pulse 70. At 12 m. temperature 100 F.; 
pulse 74. Condition improved; feels better. 

July 4 to 6: No essential change, except for pain in testicles; not red or swollen, 
but very painful to touch, 

July 6: Puneture yielded 45 c¢.c. of slightly cloudy fluid; 30 e.c. of serum in- 
jected; stain positive, 


100° 

99° mI 
A 

97° 4 


Fig. 8.—Case 75 ec. of cerebrospinal fluid withdrawn and 25 c.c. 


antiserum injected. 


July 7: Temperature at 6 a. m, 99.2 F.; pulse 72. At 12 m, temperature 99.8 
F.; pulse 84. Patient feels well; no pain. 

July 8: Temperature at 6 a. m. 99.6 F.; pulse 80, At 12 m, temperature 99.2 
F.; pulse 70. No pain; appetite excellent. 

July 9: Temperature normal; no pain; no neck rigidity. Temperature remained 
normal from this day on. 

July 14: Sat up in bed. Patient continued to improve, grew stronger, walked 
about the ward, and was discharged July 24 at 3 p. m., 31 days after admission 
to the hospital. Reported since that he can not stand the hot sun; it causes 


him intense headache, 


Case 11.—Patient.—E. R., aged 20; machinist. Treated by Drs. C. T. Hill 
and J. H. Seiler. Admitted June 30, 1907, at 9:50 p. m. 

History—Patient worked all day Saturday preceding, and went to church 
Sunday morning feeling well. He came home and did not eat much dinner, hav- 
ing a little headache, After dinner he lay down in the yard in the shade for a 
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while; then went upstairs to bed. He was found about 3 p. m. lying on the floor 

in an unconscious state, rolling about at times and throwing his hands to his head, 

Condition on Admission.—Temperature 100.2 F.; pulse 80; respiration 18; 
unconscious; comatose; restless, moaning and throwing his hands to his head; 
pupils normal; no nystagmus; plantar and patellar reflexes exaggerated, abdomi- 
nal absent; Kernig sign present; no herpes; neck slightly rigid and painful on 
movement; sphincters intact. Puncture yielded 75 ¢.c. of opalescent fluid; stain 
showed diplococci; 25 ¢.c. of serum injected, 

July 1: Temperature at 6 a. m. 99.8 F.; pulse 80; slight convulsion, lasting 20 
minutes, at 3 a, m.; vomited several times during the day. Temperature at 12 
m. 100 F.; pulse 60; restless and moaning. 

July 2: Temperature at 6 a. m, 99.6 F.; pulse 54. Much improved; rational; 
reflexes all present; Kernig sign less marked; neck still rigid, but not so pain 
ful on movement; some pain in head; mentality good. Temperature at 6 p. m. 
99.2 F.; pulse 68. 

July 3: Temperature at 6 a. m. 97; pulse 62. Condition excellent; only com- 
plaint is pain over eyes. Temperature normal most of the day; at 6 p. m. 99.8 
F.; pulse 72. 

July 4: On this the fourth day of the disease temperature was normal and 
remained so. Reflexes all present and normal, 

July 9: Patient sat up in a chair, 

July 11: On this day, 12 days after admission, patient was discharged, walking 
to the street car. 

The onset here was abrupt and severe. This case was received at the 
hospital earlier than any of the others. From the appearance of pre- 
monitory symptoms to the time of the first injection only 12 hours had 
elapsed. He then received 25 c.c. of serum. Following this early large 
dose, his symptoms rapidly abated. 


Case 12.—Patient—H. B., aged 6; schoolgirl. Treated by Dr. Charles E 
Norris. Admitted Sept. 11, 1907, at 1:30 p. m. 

History.—Patient attended school Monday, Tuesday and Wednesday, but 
stayed at home Thursday with a sprained ankle. Friday she suffered with a 
severe headache; had paroxysms of pain, and put her hands to her head and 
eried out. She then passed into a semi-comatose state. This continued until 
Tuesday morning about 11 o'clock, when she went into a comatose state and so 
remained until the time of her admission to the hospital. On admission her head 
was not drawn back, but neck was rigid and on attempting to move it her facial 
expression was that of a person in pain. The same was true in eliciting Kernig’s 
sign. Abdomen was retracted; tdche cérébrale present; tongue and mouth dry, 
and sordes on tongue and teeth. Patient had been treated from Friday until Tues- 
day for intestinal trouble, and on Wednesday the death sentence was pronounced. 

Condition on Admission.—Temperature 102.6 F.; midnight, 103.4 F. Pulse 
132; midnight, 138. Respiration 22; midnight, 28. Unconscious; comatose; 
pupils moderately dilated, but reacted to light; plantar, patellar and abdominal 
reflexes absent; Kernig sign present; no herpes; neck rigid; sphincter control 
lost; nystagmus at times. On puncture 35 e.c. of clear fluid was withdrawn, and 
30 ¢.ec. of serum injected; stain positive. It was feared that the child would die 
while the puncture and injection were being made. No anesthetic. 

September 12: Temperature at 6 a. m. 103.4 F.; pulse 124. Temperature-at 12 
m. 101.4 F.; pulse 114. Semi-conscious; respiration more regular; complete 
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paralysis of legs and right arm, but moved left arm at times. Puncture at 1 
p. m. gave 35 ¢.c. of fluid; 30 ¢.c, of serum injected; stain positive. Involuntary 
urination and bowel movements; reflexes absent; neck rigid. 

September 13: Temperature at 6 a. m. 101 F.; pulse 110. Temperature at 9 
p. m. 100.4 F.; pulse 94. Improved; responds when spoken to; takes nourish- 
ment; reflexes all absent. Puncture at 10 p. m. gave 30 c.c. of fluid; 30 c.c. 
of serum injected. Neck rigid. 

September 15: Temperature 99.8 to 100.4 F.; pulse 96. Improved; mental con- 
dition better; pronates and supinates left arm; complains of pain on being 
moved. 

September 17: Condition about the same. Neck not so rigid; moves it laterally. 
Pain on pressure over muscles and large nerve trunks; reflexes absent, 

September 19: Somewhat better; enjoys being played with; moves both arms 
somewhat, also toes; plantar reflex present for first time, others absent; nerves 
respond to Faradic current; tactile, thermal, and pain senses all present. 

September 21: General condition better; plays with doll and laughs. Puncture 
at 9:30 p. m. gave 40 ¢.c. of fluid; 30 ¢.c, of serum injected, 

September 22: Temperature at 6 a. m. 101 F.; pulse 108. Temperature at 12 m. 
19.2 F.; pulse 112. Condition about the same as on preceding day; somewhat 
irritable; no rigidity of neck; muscular soreness. 

September 23: Moves hands better; abdominal reflex on right side; irritable; 
small ulcer above inion; plantar reflex present at all times; others absent; no 
neck rigidity. 

September 24: Urticaria over extensor surfaces. 

September 26: No change, except for adenopathy on right side of neck. 

September 28: Temperature at 6 a. m. 100.4 F.; pulse 116. Temperature at 6 
p. m. 102 F.; pulse 136. Adenopathy more marked; moves arms and toes 
freely and left knee slightly. 

September 20: Adenopathy on both sides; sphincter control improved; reflexes 
the same. 

October 4: Urticaria gone; adenopathy more marked. Puncture at 9 p. m. gave 
75 ec. of fluid; 25 cc. of serum injected. Right side of neck incised and 
drained; reflexes the same. 

October 5: Temperature at 6 a. m., 102.8; pulse, 134. Temperature at 9 p. m., 
102.4 F.; pulse, 140. Condition about the same as on preceding day; pain in 
neck. 

October 7: Temperature at 6 a, m., 100.6 F.; pulse, 110. Temperature at 9 p. m., 
100.6 F.; pulse, 108. Condition improved; adenopathy improved; no more in- 
voluntary urination or bowel movements. 

October 11: Condition same as on preceding three days. Puncture at 9 p. m. 
yielded 65 e.c. of fluid; 15 ¢.c, of serum injected. 

October 12: Internal squint of right eye; pain on being moved; adenopathy dis- 
appeared, 

October 13: Squint in both eyes; pupils equal and react; erythema on back. 

October 15 to 23: Temperature but slightly above normal; moved arms and fingers 
a little better each day. 

October 23: From this day on the child had normal temperature and pulse, was 
not so irritable, and ceased to have pain on being moved. Her mental condition 
was good—her people say as good as it ever was. The paralysis improved con- 
siderably before she was discharged, so that she was able to feed herself; could 
invert and evert both feet; moved the left knee very well, and also the toes. 
She enjoyed sitting up in a wheel chair. She gained about 15 pounds in weight 
while at the hospital, and her appetite and digestion were good all the time. 
Reflexes did not improve. On the date of her discharge, plantar reflex was 


} 


Fig. 9.—Case 12.—(1) 35 ee. cerebrospinal fluid withdrawn and 30 ¢.c. of antiserum injected, (2) 30 ce, cerebrospinal fluid with 
drawn and 30 ¢.c, antiserum injected. (3) 30 ce. cerebrospinal fluid withdrawn and 30 ec. antiserum injected. (4) 40 ce, cerebrospinal] 


fluid withdrawn and 30 e¢.c, antiserum injected. (5) 75 ec. cerebrospinal fluid withdrawn and 25 ¢.c. antiserum injected. (6) 65 ©.c, cere 
brospinal fluid withdrawn and 15 ce. antiserum injected. 
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present, patellar absent, abdominal present on right side only; Kernig sign 
absent. She still had some internal squint of both eyes, but it had improved; 
pupils equal and reacted to light and accommodation. She knew her letters 
and could see to read them and also to count. She was discharged Nov. 13, 
1907, the sixty-fourth day after entering the hospital. 

This case ran a very severe and protracted course. The first puncture 
was made without an anesthetic of any kind, and 30 c.c. of serum were 
injected. As stated, the child collapsed under this procedure, and it was 
thought for a time that she would not revive. On the second and third 
days thereafter punctures were made and antiserum injected. She was 
semi-conscious on the second day, rational and able to take nourishment 
on the third day. It will be noted that a small decubitus ulcer developed 
over the inion on the thirteenth day, and it was undoubtedly from this 
source that there resulted an infection of the cervical lymph glands noted 
in the history. Part of the fever and irritability from the sixteenth to 
the twenty-sixth day might certainly be attributed to this infection. 


se 
LSE 
Se . | | Complica Sequel. Results. 
l ; 6 | 825 | 380 Nene. . . . Kyphosis. . Recovery by lysis 
2 2 1 00 | 10 |....../......|Death 
15 1 20.0 60 Nephritis. . None. . . . |Recovery by crisis. 
Ww 1 25.0 90 Nophritic iene. . . . |Recovery by crisis. 
neuritis,| 
furuncles. | 
5 2 43.5 169 |Neuritis.. . |None. Recovery by lysis. 
6 2 2 22.5 -|- Death. 
2 35.0 10 \|None. . . .|None. . 'Recovery by crisis. 
8 2 1 15.0 Death. 
9) 1 1 22.5 9) None. . . . None. . . . Recovery by crisis. 
10 2 | 4 105.0 240 |None. . . . [Headache in Recovery by lysis 
| sun, 
1 25.0 |None. . . . None... . . Recovery by crisis. 
12 6 6 160.0 275 |Adenitis,/Partial par- Recovery by lysis. 


strabis-| alysis of 
mus, paral-) extremi- 
ysis of ties, 
tremities. 
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CONCLUSIONS. 


Although the figures given above record 75 per cent. of recoveries in 
cases treated with the antiserum, we feel that it is really unfair to put 
Case 2 in the failure column, for the serum was not used until some time 
after the patient had become pulseless. In Case 6 the improvement fol- 
lowing the first injection wus as marked and as satisfactory as in any of 
those which went on to recovery. Death came suddenly and without a 
warning. The remaining case which resulted fatally was of the most 
pronounced fulminating type. 

While we have not the clinical records of the cases outside the hos- 
pital which did not receive the antiserum, all of which died but one, we 
certainly have the right to assume that, occurring in the same epidemic, 
the difference in mortality in these cases as compared with those that 
received the antiserum was not due simply to their having been of much 
greater average severity. 
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THE PRESENCE OF ANTAGONISTIC SUBSTANCES IN THE 
BLOOD SERUM IN EARLY AND LATE SYPHILIS 
AND IN PARESIS AND TABES.* 
MARTHA WOLLSTEIN anp R. V. LAMAR. 
NEW YORK. 

The appearance of the work of Wassermann, Neisser and Bruck,’ 
and of Wassermann, Neisser, Bruck and Schucht* describing a positive 
serum reaction in syphilis by means of Wassermann’s modifications of 
the Bordet-Gengou method of complement binding, gave an impetus to 
the study of serum reactions in syphilis, paresis and tabes, and of the 
diagnostic value of the results obtained. The reaction of Wassermann, 
Neisser and Bruck is based in principle on the specific binding of com- 
plement, such as occurs, for instance, in the presence of an immune 
precipitin containing serum and the corresponding precipitinogen. In 
the reaction the antigen is represented by an extract of the liver of a 
syphilitic fetus, and the antibody is contained in the blood serum of a 
syphilitic patient or in either the blood serum or cerebrospinal fluid, or 
both, of a paretic or tabetie patient. 

To carry out a test for the reaction one mixes in test tubes definite 
quantities of the liver extract and the inactivated blood serum (or cere- 
brospinal fluid) and adds complement. After standing one hour in the 
incubator to allow for the binding of the complement, an inactive im- 
mune hemolytic serum, with its corresponding corpuscles, is added and 
the tubes are returned to the incubator, where they remain for two 
hours. At the end of this length of time they are taken out and exam- 
ined for evidences of hemolysis. A final opinion, however, as to the 
presence and degree or absence of hemolysis is best deferred until after 
the tubes shall have remained over night in the ice chest. In the case 
of a positive reaction, the evidence that complement has been bound and 
thus diverted from the hemolytic amboceptor of the immune serum is af- 
forded by the fact that hemolysis has not occurred. 

As in other hemolytic experiments, perhaps even to a greater extent 
than in those, it is essential that a number of control tests be made. For 
example, in addition to the customary system controls. the extract and 
serum should be tested separately for both hemolytic and anti-hemolvtic 


* From the Rockefeller Institute for Medical Research, New York. 
1. Deutsche med, Wehnschr., 1906, xxxii, 745. 
2. Ztsehr. f. Hyg. u. Infektionskrankh., 1906, lv, 451. 
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effect, and together, without the addition of complement, for hemolytic 
effect. Furthermore, it should be shown that the liver extract with nor- 
mal or non-syphilitic serum does not bind complement, ete. 

As regards the nature of the substances on whose interaction the bind- 
ing of complement depends, there exist certain differences of opinion. 
Without discussing the question at length, it may be said that Wasser- 
mann believed in the beginning that the substances were directly related 
in origin to Spirochata pallida. Later he held that the reaction is only 
a serum diagnosis of some substance which was formerly unknown to us. 
and which stands in some relation to the syphilitic infection. Citron, 
on the other hand, while fully confirming the specificity and diagnostic 
value of the reaction, believes that the nature of the substances can not 
be determined definitely until the spirochete has been grown in pure 
culture. Nevertheless, he suggests that during the course and in conse- 
quence of the syphilitic infection certain products of cell metabolism 
may lead to auto-immunization, and that it may be to these sub- 
stances, with their corresponding antibodies, that the reaction is due. 
According to Levaditi and Yamanouchi,‘ the antigen may be repre- 
sented by sodium taurocholate and glycocholate, and to a less extent by 
lecithin. Finally, Weil and Braun® believe that some substance besides 
lipoids may be responsible for the reaction, inasmuch as they obtained it 
with extracts of liver, from which the lipoids had been removed by re- 
peated shaking with petroleum ether. 

Notwithstanding the doubt which surrounds the cause and nature of 
the Wassermann reaction in syphilis, its value as a diagnostic means 
would seem to have been confirmed by the observations of Detre,® Citron,’ 
Marie and Levaditi,’ Meier, Michaelis and Lesser,'® and many others. 
In considerably more than 1,000 cases of syphilis in all stages, in paresis 
and in tabes a positive reaction has been obtained in approximately 80 
per cent. of the number. While with normal and non-syphilitic serum 
the occurrence of the reaction has been reported only once, namely, in 
frambesia tropica, by Blumenthal."? This last result is less surprising 
when we consider the similarity which vaws bears to syphilis. 


3. Berl. klin. Wehnschr., 1907, xliv, 1370. 

4. Compt. rend. Soc. de Biol., 1907, Ixiii, 740. 
5. Wien. klin. Wehnschr., 1908, xxi, 151. 

6. Wien. klin. Wehnschr., 1906, xix, 619. 

7. Deutsche med, Wehnschr., 1907, xxxiii, 1165. 
8. Ann. de l’Inst. Pasteur, 1907, xxi, 138. 

9. Berl, klin. Wehnschr., 1907, xliv, 1636. 

10. Berl. klin. Wehnschr., 1908, xlv, 301. 

11. Deutsche med. Wehnschr., 1908, xxiv, 258. 
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As has been pointed out, this reaction is concerned mainly, at least 
from a clinical standpoint, with the demonstration of an antibody. To 
be sure Wassermann, Neisser, and Bruck' drew attention to the fact that 
the ability to demonstrate antigen in the body fluids of syphilitics would 
be of considerable importance in diagnosis and treatment. They even 
succeeded in doing so in a few instances in which they used as an anti- 
body-containing fluid the serum of apes immunized with syphilitic ma- 
terial. Usually, however, the attempt has failed; possibly, they suggest, 
on account of the difficulty of obtaining a sufficiently strong immune 
serum. 

Recently Fornet, Schereschewsky, Eisenzimmer and Rosenfeld,'* by 
means of a direct method, as opposed to the above, which may be consid- 
ered as an indirect one, claim to be able to show the presence of either 
syphijitie antigen or antibody in the blood serum. The method is essen- 
tially that advocated by Ascoli in carrying out the usual precipitin test. 
On bringing into contact the serum from a patient with early syphilis 
and that from a paretic or tabetic, Fornet observed a delicate ring of 
cloudiness at the zone of contact. The ring never occurred when either 
pathologic serum in the test was replaced by a normal serum. The cloud 
is due, according to Fornet, to the precipitate which results from the 
interaction of “lues-precipitinogen,” arising directly from the spirochete 
themselves, and its corresponding “lues-precipitin.” Inasmuch as the 
production of precipitin demands the preceding occurrence within the 
organism of precipitinogen, Fornet concludes that it is precipitinogen 
which is present in early syphilis and precipitin in later conditions as in 
paresis and tabes. In a few instances he found precipitinogen in paresis 
and tabes, i. e., the serum from one paretic or tabetic gave a ring with the 
serum from another. ‘This apparent discrepancy is explained by the 
assumption that in the instances where precipitinogen was present the 
syphilitic process was still active within the body. 

Assuming the correctness of the observations and deductions of For- 
net and his associates, it would appear that complement would be bound 
if added to a mixture of serum derived from a patient with early syphilis 
(presumably containing precipitinogen) and serum derived from a 
paretic or tabetic (presumably containing precipitin), since it is always 
bound in the presence of a specific precipitin reaction. Indeed, in view 
of the extreme delicacy of the binding reaction (Neisser and Sach’s modi- 
fication of the forensic precipitin test), it might be expected to reveal the 
presence of quantities of precipitinogen in syphilis too minute to produce 


12. Miinchen med. Wehnschr., 1907, liv, 1471; Deutsche med. Wehnschr., 1907, 
XXxiii, 1679. 
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a visible precipitate. Consequently, in our attempts to show the presence 
of antagonistic substances in the two varieties of sera, we have used both 
the methods of complement deviation and precipitation. 

Material was placed at our disposal through the kindness of Dr. 
Moore of the Manhattan State Hospital and of Drs. Mitchell and Eckert 
of the City Hospital. The sera of nineteen individuals were tested in 
various combinations. From patients with secondary syphilis with 
active manifestations there were seven specimens; from tertiary syphilis 
(gumma), one specimen; from paresis, four specimens; tabes, one speci- 
men, and from normal persons, six specimens. In the binding experi- 
ments, the technic of Wassermann and his pupils was followed, except 
that the liver extract was replaced by serum from a patient with second- 
ary syphilis. The results of these tests were uniformly negative, as is 
shown in Table 1: 

TABLE 1. 
Serum W. A., paresis Negative 
Serum W. A., paresis Negative 
Serum M., tertiary syphilis Negative 
Serum R., tabes Negative 
Serum R. B., paresis Negative 
Serum . C., paresis Negative 
Serum W. P., paresis Negative 
Serum J., normal Negative 
Serum J., normal Negative 
Serum M., normal Negative 
Serum M., normal Negative 
Serum C., normal Negative 
Serum C., normal Negative 
Serum G., normal Negative 
Serum ., normal Negative 
Serum .. normal Negative 


Serum M., secondary syphilis 
Serum J., secondary syphilis 
Serum V., secondary syphilis 
Serum J. 8., secondary syphilis 
Serum . S., secondary syphilis 
Serum . S., secondary syphilis 
Serum T., secondary syphilis 
Serum M., secondary syphilis 
Serum W. A., paresis 

Serum V., secondary syphilis 
Serum M., tertiary syphilis 
Serum J. S., secondary syphilis 
Serum R., tabes 

Serum J. S., secondary syphilis 
Serum R. B., paresis 

Serum T. C., paresis 


+444 


The sera were employed in quantities of 0.2 ¢.c. and 0.1 ¢.c. In each 
experiment, the following control tests were made: 


TABLE 2. 
Immune Sheep's Result 
Complement rabbit serum, corpuscles, in terms 
Serum 1. Serum 2. guinea pig. anti-sheep. 5 percent. of hemolysis. 
0.3 
0.1 0.002 
me 0.002 
0.3 0.1 0.002 
‘ 0.002 


0.002 
The results with the precipitate reaction in contrast to the above 
were not uniform, but quite variable and indecisive. Nine tests were 
made with serum from patients with secondary syphilis (supposed to 
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contain precipitinogen) and serum from patients with tertiary syphilis, 
paresis and tabes. Of these, three were positive and six negative. Nor- 
mal serum was tested with the serum from patients with secondary syphi- 
lis six times, with three positive and three negative results; with one 
serum from tertiary syphilis, with positive result; with one serum from 
tabes with negative result, and with three sera from paresis, with one 
positive and two negative results. Twice the serum from one patient 
with secondary syphilis was tested against the serum from another patient 
in the same stage of syphilis, with one positive and one negative result. 
And, finally, one normal serum was tested in the undiluted state with its 
own dilutions of one to five and one to ten. Table 3 shows the incon- 
stancy of the results. 
TABLE 3. 


Serum 5S. 

secondary Serum TC. Serum R. B. Serum G. Result. 
syphilis. paresis. paresis. normal. After. 

> 4 
+. 
> omen — 
> + + 


In employing the test, it is absolutely necessary that the sera be per- 
fectly clear. On account of the delicacy and fineness of the rings, a cer- 
tain amount of practice is required for a correct reading of results. Some- 
times in our experiments the rings appeared within two hours, sometimes 
not until the following morning, and sometimes those which appeared 
within two hours persisted until the following morning and sometimes 
not. With two exceptions the cloud appeared only when one or the other 


serum was employed in the diluted state. A temperature of 37 C. seemed 
to have no effect on the reaction. While not attempting to explain the 
occurrence of the rings, whether they are merely optical phenomena or 
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real precipitates of some undetermined substance, we feel unjustified in 
believing that they are necessarily the result of a specific reaction between 
lues-precipitinogen and lues-precipitin. 

tecently Plaut, Heuck, and Rossi’* have reported results with the 
precipitate reaction which are quite similar to those described above. 
With the combination of serum from syphilitic patients and serum from 
paretics they reported six positive and ten negative results; with serum 
from syphilitic patients and normal serum, four positive and four nega- 
tive results; with normal serum and serum from paretices, six positive, 
five negative. Two experiments, in which the serum of one patient with 
secondary syphilis was tested with the serum from another patient with 
secondary syphilis, gave negative results. Of two tests with serum from 
one normal person and serum from another normal person, one was 
positive and one negative. Finally, when one normal serum was tested 
with its own dilutions there were three positive results and one negative 
result. 

They believe that the ring of a positive reaction is an actual precipi- 
tate, but of what nature they are not prepared to say. The difference in 
the density of the two media appeared to have an influence upon the 
occurrence of the reaction, since in their tests a positive result was never 
‘btained when both sera were used undiluted. Although considering it 
possible that by means of precipitation a specific reaction for syphilis may 
be found, they conclude that in its present form the precipitate reaction 
has no place in diagnosis. 

CONCLUSION, 

Neither by the complement-binding method nor by the method of 
precipitation as at present carried out is it possible to show the presence 
of antagonistic substances in the blood serum of patients in the secondary 
stages of syphilis on the one hand and in the tertiary stage on the other, 
or in such parasyphilitice affections as paresis and tabes. 


Rockefeller Institute for Medical Research. 
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CLINICAL MANIFESTATIONS OF HEMORRHAGIC RENAL 
INFARCT. 


REVIEW OF LITERATURE. REPORT OF A CASE, 
GEORGE HALPERIN, M.D. 


CHICAGO, 

While a most thorough knowledge regarding the pathology of renal 
infarct exists to-day, as a result of the classical studies of Virchow, 
Rokitansky, Cohnheim, Litten, Ribbert and others, very little has been 
said or written about its clinical manifestations. This undoubtedly must 
be attributed to the fact that renal infarct, as a clinical entity, is ex- 
tremely rare, and that, while small infarcts are not infrequently found 
postmortem, they are very rarely manifested clinically. 

To quote Senator: “Symptoms referable to hemorrhagic infarction 
of the kidney are rarely observed unless the infarcts are unusually large 
or numerous, when there may be well marked symptoms, of which sudden 
pain in the corresponding kidney, aggravated by pressure, and the ap- 
pearance of blood and hemoglobin in the urine, are somewhat characteris- 
tie.” 

Leube makes the following statement: “Cases where hemorrhagic 
kidney infarcts were diagnosed antemortem are very rare. I was able to 
diagnose the condition in only one case.” 

The experience with my own case and careful study of cases from the 
literature convinced me that renal infarcts, while rarely sufficiently large, 
are capable, at times, of producing a sharply cut clinical picture of their 
own, and are, therefore, worthy of special study. 

A few words regarding the causation of renal infarcts may not be 
amiss here. 

Renal infarction can be produced by occlusion of the renal artery 
itself or of one or several of its branches. Occlusion of the renal artery 
may be the result of an autochthonous thrombosis from local causes or 
it may be due to embolism. By far the most common cause is arterial 
embolism. The causes are the same as those of embolism elsewhere—the 
lodgment of clots, of inflammatory deposits from the left side of the 
heart or from the aorta, particles of tumors, micro- and macroparasites, 
particles of pigment and of calcium that have gotten into the arterial 
circulation. Diseases of the left side of the heart are the predominating 
etiologic factors, as will be seen from the review of cases. Arterial 
thrombosis is extremely rare in the renal arteries, and, as in the case of 
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other arteries, it is the result of diseases of the vessel wall, particularly 
endarteritis, arteriosclerosis, amyloid degeneration, and injury to the 
coats. 

REVIEW OF LITERATURE. 

Traube, in 1856, was the first to diagnose and report a case of renal 
infarct. Leube mentions one case, which he diagnosed, in his “Specielle 
Diagnose der inneren Krankheiten” (1891, p. 325). 

Four more cases reported by various authors were diagnosed post- 
mortem. Rudolph Schmidt was really the first clinician who made a 
thorough study of this condition. He reported three cases from Neus- 
ser’s clinic, all of which’ he diagnosed antemortem. An idea of the 
meagerness of literature on the subject can be gathered from the fact that 
I was able to collect only ten cases, besides my own. 

With regard to etiology these cases group themselves as follows: (1) 
Those due to arterial embolism, the result of a valvular lesion of the 


heart; (2) those due to arterial embolism, the result of an infectious 
process other than endocarditis; (3) those due to local arterial disease, 


with thrombus formation. The last group is represented by only two 
cases—one case reported by von Recklinghausen, in which the thrombus 
formation was due to injury of the renal artery, and by my own case, in 
which the thrombus formation was the result of an obliterating endar- 
teritis of the renal arteries and their branches. The second group in- 
cludes two cases, while the first comprises the remaining seven. 

Case 1.—(Traube’). History.—This celebrated case occurred in a machinist, 
18 years old, who suffered from aortic insufliciency combined with dilatation and 
hypertrophy of both ventricles. On October 14 the patient was awakened from 
sleep at 1 a. m. by a very intense pain in the region of the right kidney. The 
pain radiated into the right thigh. There was some suppression of urine, but no 
albumin or blood. The pain subsided considerably. On October 19 there was 
sudden onset of vomiting, with general collapse. Death occurred four days later, 
preceded by marked anxiety, restlessness and air hunger. 

Autopsy.—Warty vegetations on the semilunar valves. Spleen contained one 
infaret size of a hazelnut. Both kidneys contained numerous small infarcts. The 
right kidney contained one large infarct which protruded slightly above the cut 
surface. The infarct measured two inches at its base and extended to the hilus. 

CAsE 2.—(Bartels*). History.—Boy, 8 years old, tracheotomized for croup, 
suddenly developed pain in the region of the spleen, followed by enlargement of 
the organ, Several days later he developed pain in the left thigh, followed shortly 
by paralysis of the extremity. There were no urinary symptoms. Patient died 
four days after onset. 

1. Ueber den Zusammenhang von Herz und Nierenkrankheiten, Berlin, 1856, 
p- 77. 

2. Cited from “Untersuchungen iiber die Embolishe Processe, von Dr. Jul. 
Cohnheim,” 1872. 


322 VANIFESTATIONS OF HEMORRHAGIC RENAL INFARCT, 

Postmortem.—A large infarct of the spleen. Right kidney normal. Left kid- 
ney contained a large infarct. Left renal artery and its branches were throm- 
hosed, There was no endocarditis. 

Case 3.—(Yuhel Renoy*). History.—Girl, 16 years old, convalescing from 
searlatina. Developed pain in both lumbar regions on the second day of normal 
temperature. Pain was not very intense. She was catheterized daily without 
result. Patient died after six days of total anuria, but without uremic symptoms. 

Autopsy revealed no cardiac or aortic lesion. Both kidneys were entirely 
necrosed. Multiple emboli were found in the renal arteries and in the glomerular 
tufts. 

Case 4.—(von Jurgensen'). History.—A woman, 27 years old, sulfering from 
a double mitral lesion. This patient had three attacks of pain from November 8 
to January 29. Pain was on the right side, ushered in suddenly and accompanied 
by marked albuminuria, but no blood. Each attack lasted from three to four days. 

Autopsy.—Endocarditis, new vegetations engrafted on an old valvular lesion. 
Infarction of spleen. Left kidney was normal in size and contained small cortical 
infarcts. Right kidney was about one-fourth the normal size, and almost entirely 
necrotic. The tight renal artery was completely blocked by red thrombi. 

CASE 5.—(von Leube*). History.—Cabinet maker, 17 years old. Suffered 
from recurrent attacks of rheumatie arthritis. Showed aortic insufficiency. This 
patient had two attacks of pain in both kidney regions. Urine, previous to each 
ittack, was normal. With each attack there appeared blood and albumin. Case 
was diagnosed as one of renal infarction. Patient recovered. 

CASE 6.—(R. Schmidt"). History.—Laborer, 40 years old, suffering from re 
current attacks of rheumatic arthritis, associated with mitral insufficiency, sud 
denly developed a very intense pain in the right lumbar region. Pain did not 
radiate to genitalia or thigh, and was increased on palpation. There were no 
urinary changes. Diagnosis of infarct of the right kidney was made. 

Autopsy showed a double mitral lesion, fresh anemic infarcts of the right 
kidney with hemorrhages into the capsule. 

Case 7.—(R. Schmidt®). History—A girl, 21 vears old, who had had four 
attacks of acute rheumatic arthritis, and who also had symptoms of mitral ste- 
nosis, developed a sudden pain, first in the left lumbar region, later in both right 
and left. In the previously normal urine there were found red cells and albumin. 
the latter in abundance, There was also a marked oliguria, the patient passing 
about 200 ¢.c. in twenty-four hours, Was diagnosed as bilateral kidney infarction. 

{utopsy.—Endocarditis, double mitral lesion. Splenic infarcts. Numerous 
infarcts in both kidneys, largest 41%, by 1 em. 

Case 8.—(R. Schmidt"). History—Male, 45 years old, suffering from a 
double mitral lesion, developed a sudden severe pain, first in the right, later in 
both right and left kidney regions. There was suppression of urine with albumin, 
casts, and few red cells. Pain subsided four days later. Two days after sub 
sidence of pain the patient developed a right sided hemiplegia and died from 
symptoms of cerebral apoplexy. 

Antemortem diagnosis was, bilateral kidney infarction, embolism of the left 
Sylvian artery. 

Postmorten findings established the correctness of the clinical diagnosis. 

3. Traite de Medicine, v, 643. 

4. Nothnagel’s Handb., xv, 105. 


5. Specielle Diagnose der inneren Krankheiten, 1891, p. 325. 
6. Wien. klin. Wehnschr., 1901, p. 451. 
7. Wien. klin. Webnsehr., 1902. p. 643. 


GEORGE HALPERIN. 


Case 9.—(Georg Riebold*). History —Servant girl, 20 years old, suffering 
from broken compensation due to double mitral lesion, the result of an old artic- 
ular rheumatism. Two months after admission to hospital was suddenly seized 
with a very intense pain in the left side. Pain was well localized and did not 
radiate. It subsided slowly in the course of two days. There was retention of 
urine and some suppression, but no albumin, blood, or easts. There was slight 
fever and a leucocytosis of 21,600. On the third day, the patient developed pain 
in the corresponding region on the opposite side. On the fifth day she developed 
paresis of the right arm and leg and of the lower branches of the right facial 
nerve. Died on the sixth day of respiratory paralysis. 

Postmortem Findings.—Mitral stenosis and insufficiency. Embolism of the 
basilar artery. Upper half of the left kidney infarcted, lower containing several 
small infarets. Injection of the perirenal tissue. Embolus of the left renal artery 
extending into its upper branch and occluding it. Several small infarets of the 
right kidney. Spleen contained an infarct, size of a cherry 

Case 10.—(von Recklinghausen”). History.—In this case was found post 
mortem, in a boy who died eight days after sustaining severe internal injuries- 
the result of a fall—a circular injury to the coat of the left renal artery. This 
was about two lines in length and one in width; 14 em. below this was a large 
red thrombus, All of the branches of the artery were likewise thrombosed. The 
kidney was entirely necrosed. This case established two important points: 1) 
That kidney infarcts may be produced by trauma to renal vessels; (2) that for 
mation of typical necrotic infarcts is accomplished in a relatively short. time. 

Case 11.—(Author’s Case). History.—Man, 44 years old, married. Entered 
Michael Reese Hospital, Nov. 29, 1905, giving the following history: One year 
ago, after a drive on a cold day, he experienced painful, cramp-like sensation in 
the big toe of the left foot. Since then had occasional cramp-like sensations in the 
toe. Five weeks ago pain became very severe. Examination showed lividity of the 
lower third of the leg and of the foot. Heart was normal, urine negative. Gan- 
grene of the big toe and later of the other toes and of the foot followed within 
a short period of time. Patient suffered most agonizing pain and was kept almost 
continually under the influence of morphin. Gangrene steadily progressed upward, 
The condition was then diagnosed as Raynaud's disease. Three weeks after ad 


mission patient developed high temperature, rigors, sweats and cough. 


Exvamination.—Several foci of dulness and harsh breathing were found in the 
lungs. An ascending thrombophlebitis, proceeding from the gangrenous area 
upward, was detected. Urine now showed albumin and casts, but no blood. The 
presumption was that the patient had infected himself by scratching the painful 
foot. The extremity was amputated, and the patient recovered in about two 
weeks. He re-entered the hospital July 2, 1907, after a lapse of eighteen months, 
complaining of a continuous pain in the left upper quadrant of the abdomen of 
two weeks’ duration, vomiting every morning, and cramp-like pain in the calf. 
During this second stay in the hospital the man had two attacks of pain, 
each lasting about four days. They were characterized by severe pain and tender 
ness in both lumbar regions during the first attack and in the right lumbar 
region during a second attack. They were accompanied by profuse vomiting, 
severe headache, slight fever and leucocytosis (as high as 28,000). 

Urinalysis.—Spec. gr., 1.018; marked trace of albumin, hyaline, granular and 
epithelial casts; a few red cells and some hemoglobin. The last two were never 
observed previous to the onset of abdominal pain. 


8. Deutsches Arch, klin. Med., 1905, Ixxxiv, 498-517. 
10. Virechow’s Arch, f. Path. Anat.. xx, 205. 


324 MANIFESTATIONS OF HEMORRHAGIC RENAL INFARCT. 


On the morning of October 6, having retired the previous night in an ap- 
parently normal state of health, the patient was awakened from sleep at about 
6 o'clock by a severe pain ia the left upper quadrant of the abdomen. The pain 
was of a stabbing rather than of a colicky character. It was so severe as to cause 
the patient to throw himself about in a helpless fashion and to ery out loudly. 
The pain was confined to a rather small area in the left anterior lumbar region, 
below the twelfth rib, and from there radiated towards the median line in front. 
There was no radiation along the course of the ureter, to the penis, the scrotum 
or the thigh. He vomited profusely and complained of severe occipital headache. 

Examination showed a very well developed and well nourished man. The ab- 
dominal wall was flat and soft. The pain in the region of the left kidney was 
increased on palpation. Neither kidney could be felt. The peripheral arteries 
showed a considerable degree of sclerosis. Temperature was 96 F., pulse 100, and 
of high tension. At 9 o'clock the patient was given 4% grain of morphin hypo- 
dermatically. The pain did not deerease and the dose was repeated at 9:40 
a. m. Severe pain persisted until 10 o'clock and then began slowly to subside. 
Purgatives and copious hot enemata were ordered. 

October 7.—Patient had not urinated or had a bowel movement since the onset 
of the attack. The pain was now referred to as soreness. Vomiting and headache 
persisted. There was complete anorexia. Temperature, 96 F.; pulse, 90. About 
1 dram of turbid urine was obtained by catheterization. This contained much 
albumin, no sugar, no red cells, a large number of pus cells, no casts. 

October 8.—Temperature, 101 F. Patient was placed in the Presbyterian 
Hospital. Examination now showed evidences of myocardial involvement. There 
was positive venous pulsation in the neck, palpable tender liver, and edema of the 
bases of the lungs. Blood pressure registered 210 mm. At the suggestion of Dr. 
Sippy, 25 ounces of blood were withdrawn from the right arm, reducing the blood 
pressure one hour later to 190 mm. Croton oil, m. iii, and later m. v, was ad- 
ministered, but without result. 

October 9.—Nine drams of urine were obtained by catheterization. This was 
distinctly sanguineous in appearance, contained much albumin, numerous pus cells, 
hemoglobin, but no casts and no red cells. Temperature ranged between 98 and 
99 F. Leucocyte count was 16,500. In the afternoon marked arrhythmia de- 
veloped. Patient was very restless, and complained of air hunger. On the even- 
ing of the same day, an exploratory operation was decided on and performed 
under nitrous oxid anesthesia by Dr. J. B. Murphy. The left kidney was brought 
into view and freely incised at the convex border down to the pelvis. The cut 
surface of the kidney was exceedingly dry, pale gray in color, and practically 
bloodless. No calculi were found either in the kidney, pelvis, or in the ureter. 

October 11.—Anuria and constipation persisted. Patient was very restless and 
dyspneic, but still retained consciousness. Exitus took place the following morn- 
ing, after six days of almost complete anuria. 

Autopsy Findings.—Left kidney was normal in size, measuring 11.5 em. by 5.5 
em., by 4 em. Capsule stripped readily. The surface was markedly irregular, 
presenting numerous cicatricial depressions. The greater part of the organ was of 
a dull gray color with small areas of dark red. The cut surface was exceedingly 
dry, bloodless and firm in consistency. The middle portion of the organ presented 
a structureless whitish-gray area. This area was almost quadrilateral in shape 
and protruded slightly above the cut surface. It measured 71% ecm. in length 
and extended from the cortex to the pelvis. This enormous infarct, which oceu- 
pied more than two-thirds of the entire organ, was sharply delineated on either 
side by a zone of intensely dark red tissue. 

The renal artery and its larger branches were isolated and opened. The vessel 
walls were found thickened. The artery proper, just at its bifurcation, contained 
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an adherent red thrombus. This extended into the smaller branches and was con 
tinuous with the adherent white thrombi. That these continued into the smaller 
branches was demonstrated by sectioning the kidney. The right kidney was very 
small, measuring 7 cm. by 4 em. by 2 cm., and markedly irregular. The upper 
third of the kidney was occupied by a large infarct, which had the same dull 
gray appearance and was sharply delineated from the rest of the kidney tissue. 
There were also small cortical infarcts. The pelvic fat was excessively developed, 
and involved the greater part of the organ. The right renal artery showed a 
still more pronounced thickening of its walls. At one point it presented a marked 
constriction, the lumen measuring not more than 1 mm. in diameter, The artery 
and its larger branches were plugged with adherent red and white thrombi. 

Summary.—In this case, then, we are dealing with an arteriosclerotic 
individual, 44 years old, in whom no valvular lesion could be detected at 
any time. In the history of this patient we have to consider three dis- 
tinct events manifestly dependent on a common cause: 1. Two years 
ago, gangrene of the left foot, preceded by severe cramp-like pains. ‘This 
was soon followed by thrombosis of the vessels of the extremity with 
sepsis and metastatic foci in the lungs. At this stage there appeared 
albumin and casts in a previously normal urine, but no blood. 2. Eighteen 
months later the patient had two attacks of pain in the lumbar regions. 
Each attack was apoplectiform in onset and accompanied by the syn- 
chronous appearance of red cells and hemoglobin in the urine. 3. Two 
months later occurred a third attack, which was very much more severe 
and proved fatal. The pain was this time localized in the region of the 
left kidney. There was an almost total suppression of urine. The latter 
contained much albumin and hemoglobin. While it is deplorable that 
the heart could not be obtained for examination, I feel that we can safely 
rule it out as the cause. For, on the one hand, as was mentioned before, 
no symptoms of valvular disease were present. On the other hand, a 
ready explanation was furnished by the condition of the renal arteries. 
Thickening of the vessel wall and gradual narrowing of the lumen, with 
consequent slowing of the blood current, induced thrombus formation 
and its result, infarction. Undoubtedly the same process was responsible 
for the gangrene of the left foot. 

Points of Special Interest in the Last Attack.—(1) Sudden onset. 
Pain at its acme from the onset and subsiding gradually. (2) Pain 
increased on palpation and deep breath. No radiation along the course 
of the ureter, nor toward the penis, scrotum, or thigh. (3) Almost com- 
plete anuria, the patient having passed not more than two ounces of urine 
in six days. (4) Absence of erythrocytes and casts in the sediment, 
marked albuminuria and presence of hemoglobin. (5) Constipation so 
obstinate that it could not be overcome by heroic doses of elaterin and of 


croton oil. (6) Absence of marked uremic symptoms. 
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GENERAL SYMPTOMATOLOGY. 

As we have seen from the cases cited, the symptoms are not many 
nor are they constant. They can be best discussed under two headings: 
(1) Local symptoms, (2) accompanying or general symptoms. 

Local symptoms are directly due to the infarction. These are pain 
and changes in the urine. Pain is the most important and constant sign. 
Three factors at least may contribute to the production of it: (1) Insult 
to the renal plexus; (2) perirenal inflammation or inflammatory reac- 
tion, and (3) tension on the kidney capsule. In most cases the pain is 
of great intensity and suggests renal caleulus. It differs from the latter, 
however, in that it is not colicky, but is described by patients as stabbing 
or burning. Furthermore, it is not intermittent. The pain of renal 
infarct is at its acme from the onset, is continuous and subsides only 
gradually. It is increased by palpation, cough, deep breathing, change 
of posture; in other words, by movements of the affected organ. Schmidt, 
in his careful study of three cases, found that pain was somewhat relieved 
when patients lay on the affected side; in other words, by putting the 
kidney at rest. As to localization, this was in all cases in the region of 
the affected kidney. It is important to remember that the pain is con- 
fined to the kidney region proper and does not radiate along the course 
of the ureter or towards the genitalia. 

With regard to urinary changes nothing pathognomonic was observed. 
Suppression of urine, which in mild cases may be followed by a transient 
polyuria, or total anuria, may take place. The latter was observed in cases 
of bilateral infarction. Albuminuria is the most common finding, and 
its appearance in previously normal urine, especially if associated with 
pain, is suggestive. Ilemoglobin was the next most constant finding. 
Red cells were not as frequently found and then only in small numbers. 
Casts were absent in all but one case. Their absence may be due, as 
Schmidt suggested, to complete arrest of circulation in the affected area, 
the products of necrosis remaining in situ. 

Accompanying or General Symptoms.—These are either due to the 
toxemia of renal insufficiency or are induced reflexly. The following 
were observed: Vomiting, collapse, severe headache, constipation, car- 
diovascular symptoms, in some cases leucocytosis and slight fever. Vom- 
iting may be an early and a very distressing symptom. It is due, in 
Schmidt’s opinion at least, to tension on the renal capsule rather than to 
uremic intoxication. The early onset and rather marked absence of 


other uremic symptoms seem to support his view. Cardiovascular phe- 
nomena are important because they point to a source of embolism and 
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suggest the possibility of infarct formation. According to Schmidt, 
high blood pressure speaks against an infarct. No observations on this 
point were made in the cases reported. In my case the blood pressure 
was 210 mm. and was but little affected by removal of 25 ounces of blood, 
a circumstance which casts suspicion on the above statement. Leucocyto- 
sis and slight elevation of temperature, observed in some of the cases, 
may be due to absorption of the necrotic renal tissue. 


DIFFERENTIAL DIAGNOSIS. 


It is hardly necessary to emphasize the difficulty, often impossibility, 
of recognizing the condition, even in the presence of marked symptoms. 
To quote Leube, “The diagnosis can rarely be made. The condition may 
be surmised with some probability when, in the presence of a possible 
source for the formation of emboli and infarcts, sudden pain develops 
in the region of the kidney, and albumin, blood or morphologic elements 
indicating nephritis appear in the urine.” 

In the diagnosis of renal infarct we must first exclude all conditions 
outside of the kidney and ureter capable of giving rise to sudden and 
severe abdominal pain. Among the most important are: gastralgia, per- 
forative peritonitis, acute ileus, gallstones, embolism of the mesenteric 
artery, lead colic, and gastric crises. The consideration of the differential 
points in these conditions would take us too far from our subject, and, as 
they are, furthermore, familiar to every clinician, their discussion will 
be omitted here. In the second place, we must consider all conditions 
capable of giving rise to symptoms of renal colic or severe renal pain, 
such as (1) torsion of the ureter in a wandering kidney, (2) paroxysmal 
exacerbations of chronic nephritis, (3) calculus colic, (4) pseudocolic, 
which may be caused by (a) plugging of the ureter with tuberculous or 
neoplastic débris, blood clots, hydatids, (b) by obstruction due to catarrh 
of the ureteral mucosa, and (c) by functional spasm of the ureter. 


It is important to decide first whether the pain is of renal or ureteral 
origin. The following conditions speak for renal origin: 1. Pain con- 
fined to kidney region proper. 2. Kidney tenderness. 3. Continuous 
character of the pain. 4. Albuminuria, casts, ete., in the sediment. The 
following point to ureteral origin: 1. Radiation of pain along the course 


of the ureter. 2. Tenderness in the course of the same. 3. Intermittent 


character of pain. 4. Presence of hydronephrosis. 

Having established a renal cause of the pain, we still have to consider 
the following possibilities: (1) Twisting of the ureter of a wandering 
kidney; (2) acute exacerbation of chronic nephritis; (3) renal infarct. 
While the differentiation is not easy, the following points may be of value 
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as pointing to the diagnosis of infarct: (a) sudden onset of intense pain 
while the patient is at rest; (b) sudden appearance of albumin in the 
urine; (c) kidney tenderness; (d) presence of a valvular lesion of the 
left side of the heart. 

Marked hematuria speaks against infarct and for nephritis, or malig- 
nant tumor. In the latter case, a palpable mass is frequently present at 
this stage. High blood pressure and marked uremic symptoms are more 
common in nephritis. Pain is never as severe in nephritis as it is in 
infarct. 

In conclusion, it may be said that, while attention to the above symp- 
toms may enable one occasionally to recognize a renal infarct in a marked 
case, the condition must still belong to the category of conditions best 
diagnosed postmortem. 
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EFFECTS OF PROLONGED ADRENALIN MEDICATION ON 
THE HUMAN CIRCULATORY ORGANS. 
WITH CASE REPORT. 
HARLOW BROOKS anp D. M. KAPLAN, 
NEW YORK. 
| From the Pathological Department of Montefiore Home. 

Adrenalin, once a drug of promise, is now in such general use and 
is employed in so many varying conditions, often with the greatest ben- 
efit, that it is important for us to learn all we can in regard to its 
deleterious effects on the human body. The work of Takamine, Cushny. 
Abel and many others has made us fully conversant with its physiologic 
action. Its value as a therapeutic agent no one can deny, though we, 
in common with many others, think that it is too generally adminis- 
tered, and in many instances without even a theoretic basis for its ex- 
hibition. 

Physicians, and notably the resident physicians of hospitals, enter- 
tain very erroneous ideas as to the effects of the drug. Thus, it is gen- 
erally supposed to cause a marked increase in blood pressure soon after 
its hypodermic administration. An injection controlled by a sphyg- 
momanometer on the arm will, however, soon dispel this idea and dem- 
onstrate that in order to produce this condition adrenalin must either 
be thrown directly into the blood stream or given as an intramuscular 
injection, and that even then the elevation of the blood pressure is often 
slight and always very transitory. Increase of blood pressure is rarely 
produced when the drug is given subcutaneously, and in such instances 
the psychie effect of the injection should be taken into account. 

Thus far the results of the drug in protracted, large or poisonous 
doses have been chiefly, if not exclusively, studied on animals, and those 
who have followed the work of Pearce, Adler, Loeb and numerous others 
can not fail to be impressed by the possible danger which may result 
from the persistent use of this powerful agent. 

It has been definitely shown that in many but not in all instances 
the injection of adrenalin solutions into the circulation of animals causes 
lesions of a serious nature in the vessels. It has also been demonstrated 
that in many cases the degree of the lesion is not dependent on the 
size of the dose, nor yet on the relative body weight of the animals. 


+ 


Sometimes very minute amounts cause very serious changes, while at 


330 PROLONGED ADRENALIN MEDICATION, 


other times very large doses produce no effect whatever. More recent 
communications show us that we have probably overestimated the effect 
of this drug in causing vascular lesions, since quite similar changes 
have also been reported in control animals. We have found from our 
experiments that an immunity is developed in animals as in most drugs 
of this class. This enables them to withstand very much larger doses 
than could previously be borne if the injections are continued for a 
long time. Thus, we now have a rabbit weighing 1800 gm. that out- 
lives 50 drops, intravenously, of a 1:1000 solution. 

As to the manner in which the lesions are produced, it was at first 
thought that the great elevation of the blood pressure which sometimes 
takes place on the administration of the drug caused an actual lacera- 
tion of the walls of the vessels, a true mechanical lesion. In some cases 
this is true, but in most instances in which lesions occur it acts in some 
other way, causing the appearance of degenerative or necrotic foci, es- 
pecially in the media of the vessels. 

Attempts have been made to reproduce the changes which occur in 
human arteriosclerosis experimentally, and for a time it appeared that 
we could cause lesions like those seen in true arteriosclerosis. Further 
study has convinced us that the lesions produced by adrenalin in the 
vascular system of experiment animals are not those of true arterio- 
sclerosis as seen in man. The interpretation of this discrepancy admits 
of at least two explanations; one, which now seems the more probable, 
is that adrenalin does not cause lesions in animals like those of arterio- 
sclerosis in man; the other is that the tissues of the arterial wall react 
differently in animals than in man. 

It, therefore, seems very important that we place on record the fol- 
lowing case in which adrenalin was administered for over three years, 
the drug being given daily, intramuscularly, and in large amounts. vary- 
ing from 10 to 120 minims per dose. Perhaps it is well, by way of 
justification, to state that our case was a most persistent one of bronchial 
asthma in which anything which would give even momentary relief was 
justifiable. 

History.—Mrs, M., 35 years old, houseworker, born in Austria; thirteen years 
in the United States. Admitted May, 1904, and died in April, 1907. Family and 
personal history was negative, except for one miscarriage at the third pregnancy. 
No specific history; no neurotic disposition, except for worry and excitement 
brought on by marital troubles. 

Present Iliness.—Vegan in December, 1901, with a severe cough, the result of 


a cold contracted while exposed to rain and snow. This cough continued, ac- 
companied by dyspnea, until 1904, when the condition became unbearable. 


Various drugs that were tried proved of no avail. 
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Status Prasens.—Neck short, muscles stand out prominently, especially with 
inspiration. Patient has anxious look, breathes through the mouth, gasping for 
breath. Examination of nose disclosed the presence of about ten small polypi. 
Heart: Apical impulse not visible; heart impulse not felt. Very difficult to make 
out cardiac dulness. Auscultatory percussion gives normal cardiae outline. 
Sounds normal at all ostia. Pulse, 90 per minute, regular, equal, fair tension, 
vessel wall moderately thickened. Blood pressure: Systolic, 130; diastolic, 85. 
Lungs: Expiratory period very much prolonged. Mouth breather, On palpa- 
tion, here and there fremitus with inspiration and expiration. Percussion: Right 
anterior, below clavicles, resonance is impaired, rest of lung wooden. Ausculta- 
tion: Inspiration short, harsh, stopping suddenly, followed by a long expiratory 
period which is accompanied by wheezing, whistling, and moaning sounds, The 
breathing can be heard at a distance from the patient. Respirations, 17 per 
minute, 

Treatment.—Although various other methods of treatment were instituted, 
including the removal of the polypi, only the adrenalin medication will be detailed 
here. The drug was used intramuscularly in 1 to 1000 solution; its effects ob- 
served, and if no relief followed, another injection was given. As a rule, one 
syringeful was enough to cut short an attack; occasionally, however, even two 
injections would not suffice, and there are records showing the exhibition of as 
much as 120 minims of the drug. The dosage varied with the severity of the 
attacks. It was possible to curtail some seizures with 10 minims. The long 
time of the patient’s stay in the hospital gave ample opportunity for observing 
the effects of adrenalin chlorid on the circulatory system, and the observations 
on this system only will be given here. Its effects, as far as the attacks are 
concerned, can be stated in a few words: All symptoms of an asthmatic attack 
were relieved. The pulse could often be felt more distinctly oiter using the 
adrenalin than before, whereas, during the asthmatic attack it was barely per- 
ceptible. A few minutes after the administration of the drug, the arterial 
pressure as observed during one of the attacks rose and remained elevated for 
about ten minutes. A reading was as follows: Systolic pressure, 120; diastolic 
pressure, 85. After the injection of 20 minims of adrenalin, the pressure was 
again ascertained without removing the cuff from the arm and gave the follow- 
ing results: Systolic pressure, 145; diastolic pressure, The numerous 
repetitions of the injections—the patient having received during her three years’ 
stay in the hospital no less than 2,000—did not permanently alter the blood. pres- 
sure, as readings shortly before death show that the pressure remained at about 
the same level during both free and seizure periods; in fact, one could not tell 
from a clinical examination shortly before death that the heart and vascular 
system had sustained permanent injury from the enormous quantity of adrenalin 
chlorid injected during these three years. If we allow only 10 minims to a dose 
(the smallest injected), the total amount of the drug given was 44 ounces, 

Summary of Autopsy Findings.—Inspection: Adult woman. Moderate 
cyanosis of the skin. Purpuric blotches over entire surface, varicosities over 
calves, Face congested, pupils dilated, neck and lips swollen. Slight anterior 
kyphosis of spinal column. Abdomen distended. Section: Muscles deep red, 
natural. Panniculus deeply colored, abundant. Veins widely dilated, arteries 
large, thickened. Mamme well developed. Precordium covered by emphysema 
tous borders of lung. Pleura and pericardium negative. Heart small, right 
ventricle collapsed, empty. Left ventricle contracted, empty. Aortic segments 
slightly thickened; marked cupping of sinuses and funnel shaped extension into 
coronaries; other valves normal. Heart muscle soft, turbid, friable, moderate 
quantity of epicardial fat, right auricle shows great distension. No thickening 
of endocardium. Coronary arteries markedly thickened, not calcified, Weight 
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of heart, 8 ounces. Hypertrophy of adenoids of tongue and pharynx, all neck 
structures edematous, including folds of larynx. Thyroid large, natural; no 
thymus. Lymph nodes of neck enlarged, anthracotic; show healed tubercles. 
The right innominate and subclavian arteries at their origin from the arch show 
slight dilation. The left carotid shows slight spindle-shaped dilation in mid- 
portion. Dilated arteries show roughening of intima and aorta somewhat ir- 
regularly thickened. Small trunks of neck show slight atheroma. The larynx 
and large bronchi contain tenacious mucus; mucous membrane atrophic. Mucous 
membrane of medium sized and small bronchi congested. Mucoid spirals abun- 
dant in finer air pasages. Lungs show emphysema, edema and congestion of pos- 
terior portion. Pulmonary vessels show no change. Peribronchial lymph nodes 
show anthracosis and healed tuberculosis. Liver large; a few isolated areas of 
necrosis. Gall bladder and ducts negative. Spleen, enlarged, deep purple and 
soft. Stomach, negative. Small and large intestine negative. Appendix negative. 
Mesenteric lymph nodes show calcification and necrosis, old. Tissues about pan- 
creas show chronic inflammation and old areas of fat necrosis. Pancreas, deep 
purple in color, infiltrated in every direction by recent hemorrhage; marked 
arteriosclerosis of pancreatic vessels, especially of pancreatica magna, but no 
rupture present. Adrenal bodies large; no gross abnormality. Kidneys, con- 
gestion and edema; arterial thickening; parenchymatous degeneration; moderate 
interstitial nephritis. Internal genitals, negative. Bladder, negative. Aorta and 
large trunks of abdomen and pelvis present a moderate diffuse thickening with 
occasional minute areas of atheroma without calcification in the intima. Brain, 
moderate edema of membranes; vessels at base show slight thickening; otherwise 
necative, 

Anatomical Diagnosis—Bronchial asthma, terminating with pancreatitis 
hemorrhagica, complicated by parenchymatous nephritis, pulmonary edema and 
congestion. 

Microscopic Examination—Brain and medulla: Corpora amylacea in con- 
siderable numbers beneath membrane, notably along floor of fourth ventricle. 
Congestion of minute vessels and occasional slight hemorrhages by diapedesis. 
Occasional ganglion cells show atrophic changes. 

Lung: Congestion in posterior portion, marked emphysema. Smaller bronchi 
surrounded by inflammatory thickening and tubes filled by compact mucus in the 
meshes of which are many eosinophilic leucocytes. Large vessels show moderate 
subendothelial hyperplasia and oecasional hyaline degeneration of media. 

Liver: Parenchyma show pronounced albuminous degeneration, with mod 
erate fatty infiltration. Slight brown atrophy, with ferruginous pigmentation in 
places. Supposed necrotic areas show beginning fibroid replacement of paren- 
chyma, general edema. Blood vessels negative. 

Pancreas: Recent extensive areas of capillary hemorrhage, considerable quan- 
tities of old iron pigment, probably representing old areas of hemorrhage, ex- 
tensive necrosis of parenchyma, both in acini and in bodies of Langerhans, Ex- 
tensive necrosis of pancreatic ducts. No changes in the interstitial tissue. 

Kidneys: Extreme acute parenchymatous degeneration with extensive desqua- 
mation of tubercular epithelium. Hyperemia of vessels, with hemorrhage by 
diapedesis. Hyaline degeneration in small foci in media and subendothelial areas. 

Spleen: Congested lymphoid hyperplasia. Hyaline degeneration affecting 


media of many blood vessels. 

Lymphnodes: Lymphoid hyperplasia of moderate degree. Healed tuberculosis 
in bronchial nodes. Ilyperplasia of lymphatic endothelium and general anthra- 
cosis, No vascular lesions noted. 

Uterus: Endometrium thickened. Marked proliferation of subendothelial 
layer and of adventitia and of most blood vessels; no changes of media. 
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Ovary: Vascular changes as found in uterus, otherwise tissue is normal. 

Thyroid gland: Entirely normal, but shows evidence of excessive activity. 

Adrenal glands: Pronounced fatty infiltration of cortex. General hyperplasia 
of cells in medulla, particularly of those bordering on the large venous sinuses. 
Marked congestion of blood vessels in medulla. 


Heart: Considerable quantity of epicardial fat with infiltration of stroma. 
Marked capillary hyperemia. Marked brown atrophy with fatty degeneration 
and acute parenchymatous degeneration. Many atypical karyokinetic figures 
in the nuclei of muscle cells. The coronary vessels show marked thickening of 
subendothelial layer, with marked hyaline degeneration of both the muscle cells 
and the hyperplastic connective tissue. Occasional circular foci of necrosis in 
media and subendothelial tissue. 

Aorta: Endothelial layer broken and eroded in many places. Occasional 
areas of endothelial hyperplasia. Minute areas of necrosis, oval or spherical in 
shape, chiefly in subendothelial layer, and involving both white fibers and yel- 
low elastic, as well as the muscle fibers, In a few areas very slight caleareous 
infiltration is demonstrable, but fatty disintegration can not be shown. No dis- 
tinctly evident lesions in vasa vasorum. 

Main trunks (femorals and carotids): The nodular subendothelial thickening 
and necrosis is very marked in trunks of this class, and in most of them the 
internal elastic layer is broken in many places. The necrotie process in the media 
is also much more marked than in either the larger or the smaller trunks. The 
vasa vasorum show no very apparent changes. 

Small trunks: Some of these vessels show marked hyaline degeneration, with 
resulting necrosis in the media, the foci of subendothelial necrosis mentioned in 
the other vessels is not present. 

The visceral alterations are predominatingly of an acute parenchy- 
matous type and are apparently of recent origin for the greater part. 
Some of the organs, notably the liver, heart and lungs, show also the 
changes resulting from chronic passive congestion, probably of con- 
siderable standing. The lungs show, in addition, the typical changes of 
a chronic bronchial asthma. The pancreatic lesion apparently orig- 
inated some weeks before death, finally terminating with an acute diffuse 
capillary hemorrhage and resulting necrosis. It does not appear prob- 
able that these changes in the pancreas are to be directly attributed to 
the long continued use of adrenalin, although this explanation is to be 
considered. The alterations in the medulla of the adrenalin bodies may 
be etiologically related to the adrenalin medication. 

The most striking lesion found in the aorta and large trunks is pre- 
eminently a type of focal necrosis, which we believe to have been entirely 
separate and distinct from the ordinary changes of arteriosclerosis which 


are also manifested in lesser degree in the same vessels, and which are 
probably due to the asthma per se. This focal necrosis, and especially 
that involving the media, is quite similar to that produced in experi- 
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mental adrenalin poisoning, and we believe it to be due to the prolonged 
and free administration of this drug in this particular case. 

While admitting that the necrotic changes in this case were due 
to the adrenalin medication, we do not believe that they are in any 
sense to be taken as contraindicating a moderate and temporary utiliza- 
tion of adrenalin in appropriate cases. On the contrary, we believe that 
the relatively slight degree of these changes in a case in which the drug 
was used so freely and for so long a time indicates that in ordinary cases 
it may be used with relative impunity in amounts sufficient to produce 


therapeutic results. 


44 W. Ninth Street. 


METABOLISM EXPERIMENTS IN ARTIFICIAL NUTRITION, 
WITH SPECIAL REFERENCE TO THE HYPODERMIC METHOD, 


HERBERT SWIFT CARTER, M.D. 
NEW YORK. 

| From the Pathological Laboratory of the Presbyterian Hospital and the 
Laboratory of Biological Chemistry of Columbia University, at the College of 
Physicians and Surgeons. } 

The whole subject of artificial nutrition presents great fascination 
for internists both from the theoretical and the practical point of view ; 
for the idea of nourishing the body, meeting its physiologic needs, so to 
speak, without the knowledge or consent of the patient, when occasion 
arises, has seemed an end highly desirable at times. 

The conditions under which this would be of value are, of course, 
various, and need not be discussed here beyond pointing out the fact that 
in cases of subnutrition which, in part or whole, preclude the natural 
method of maintaining the physical economy, some such method would 
often be of the greatest use. Thus, it is indicated in acute gastroenteri- 
tis in children, in marasmus, in strictures of the alimentary tract when 
the patient comes under observation in a condition too weakened to allow 
of an operation for the time being, ete. 

With the introduction of the stomach tube in 1870, by Kussmaul, we 
were enabled to nourish certain cases in which forced feeding is a neces- 
sity, despite the existence of a fairly normal digestive tract, as in cases 
of mental disease. Later, the rectum as an auxiliary stomach came into 
general use. Attempts were made to give nourishment by means of hypo- 
dermic food solution, or by the intraperitoneal route. Of course, any 
form of artificial feeding, to be entirely sufficient, has to meet the actual 
needs of metabolism. The requisite amount of nitrogen and heat units 
must be furnished or the organism will be forced to run at an economic 
loss, resulting in loss of flesh and strength. 

Our knowledge of these requirements has been greatly increased since 
Voit and his pupils determined the average amount of the different food 
elements used by individuals doing light or heavy muscular work and 
maintaining their body weight. According to this standard, a person of 
average weight (70 to 75 kilos) needs about 118 grams of protein, 56 
grams of fat and 500 grams of carbohydrate, with a total fuel value of 
3.000 large calories, although Voit’ was able to establish nitrogenous 


l. Voit: Ztschr. f. Biol., xxv, 261. 
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equilibrium for a short time in one patient who took only 8 grams of 
nitrogen, which corresponds to 48.5 grams of proteid, for a day's ration. 
This, however, he considered far too small an amount to maintain nitro- 
gen equilibrium for any length of time. 

Chittenden* became convinced that a low protein diet could be main- 
tained, not only without detriment to the individual, but to his actual ad- 
vantage, provided sufficient heat units were furnished by the other food 
elements. This he proved to his satisfaction in his interesting experi- 
ments on athletes, soldiers and students, representing individuals doing, 
respectively, severe, moderate or light muscular work. He found that the 
average requirements per kilo of body weight were as follows: 0.12 gram 
nitrogen, representing 0.65 gram protein per kilo of body weight, with a 
total fuel value of the food represented by 32 calories per kilo, made up 
largely of fats and carbohydrates. 

This, therefore, can be taken as representing the minimum food re- 
quirements necessary to maintain not only the nitrogenous equilibrium, 
but the general physical condition and body weight of persons who are 
at work, while at rest the calorific value of the food can be reduced to 
about 25 calories per kilo.* Any form of alimentation to be complete 
must meet these requirements, although under pathologic conditions one 
would be satisfied with something less than the ideal. 

With the older standards, the problem seemed out of reach, but with 
the introduction of these lesser requirements artificial nutrition seems a 
much more promising field, and it was with this in mind that the fol- 
lowing studies were undertaken. 

In approaching this subject, two questions naturally present them- 
selves: (1) Is the method ordinarily in use capable of accomplishing 
satisfactory artificial nutrition? (2) If not, wherein does it fail, and 
what other methods offer a possible solution of the difficulty ? 

In rectal feeding, the most common method of artificial nutrition, we 
have these questions to answer. As to whether this form of feeding is 
capable of supplying the needs of metabolism, if one regularly weighs 
these patients daily or even watches them clinically from day to day, 
the answer must be, No. They do not thrive. This, I think, will be 
borne out by the clinical experience of most of us. Rectal feeding is, at 
best, a poor substitute for stomach feeding, although, of course, patients 
differ, and in some it seems more successful than in others. It must be 
borne in mind, however, that most people can go without food very 


. Chittenden: Physiologic Economy in Nutrition 
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comfortably for a number of days, provided they are supplied with 
water, but after a certain time, whether on rectal feeding or not, they 
often seem to retrograde suddenly. 

In order to answer the question as to the specific cause of failure in 
most of these cases, one must study the metabolism and carefully esti- 
mate the intake and output, with especial reference to the nitrogen, as 
the best index of metabolism. The following figures show the results 
of metabolism in three cases of rectal feeding and may be taken as fairly 
typical of a large class, as they occurred in one of the large city hospitals, 
under nursing conditions which are as good as can be found. If these 
results are true under favorable conditions, what can be expected under 
ordinary conditions, outside the hospitals? 

It can not be said that more satisfactory results may not at times be 
obtained by rectal feeding. But these cases probably represent the 
average. In all of them the usual precautions were taken: the colon was 
cleared daily, the injections were given high up, and the report, in every 
instance, was that they were “well retained.” The entire twenty-four- 
hour urine, all results of rectal irrigation, and all stools were saved, and, 
together with a sample of the food, were sent to the laboratory daily. It 
seemed a work of supererogation to estimate the intake and output of 
nitrogen, for the results of the cleansing enemata were evidently an 
almost clear return of the nutrient material, and one could tell by inspec- 
tion that little, if anything, was being absorbed. The following figures, 
however, represent the daily nitrogenous balances, estimated by the 
Kjeldah! method, and show graphically the failure of this method of nu- 
trition; since in these cases at least nitrogenous equilibrium was far 
from being maintained. 

Case 1.—Gastrie Ulcer. Man, aged 46, weight 115 pounds. 

History.—Patient had been on rectal feeding three days before the test was 


begun. The nutrient fluid consisted of peptonized milk and eggs, 1240 c.c. per 
twenty-four hours, with a total nitrogen value of 11.78 grams. 


NITROGENOUS BALANCE.—-FIRST DAY. 


Total tetake of food mitrawem: 
Total nitrogen output (urine, 4.74 grams; feces, 23.95 

Total loss of nitrogen, 24 hours, output in excess of intake. .16.91 grams. 

NITROGENOUS BALANCE.—SECOND DAY. 

Total nitrogen output (urine, 11.5 grams; feces, —; irri- 

gation, 22.72 grams) ....... 


Total loss of nitrogen, 24 hours, output in excess of intake. .21.80 grams. 
Total loss in body weight... ‘ 2 pounds. 
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NITROGENOUS BALANCE.—THIRD DAY. 
Food formula changed this day to peptonized milk, glucose and water, 2,000 
ec, in all for the twenty-four hours, 


Total intake of food nitrogen , .. 7.20 grams. 
Total nitrogen output (urine, grams; feces, 6.43 

BEAMS) 16.01 grams. 
Total loss of nitrogen, 24 hours, output in excess of intake... 8.8] grams. 
Total loss in body weight 2 pounds. 


In this balance for the third day we see for the first time that something was 
actually absorbed by the rectum, or else retained, for the food intake was 7.2 
grams nitrogen, and the fecal nitrogen equals 6.43 grams, leaving an absorption 
balance of + 0.67 gram nitrogen, which is, of course, so small as to amount to 
nothing from the standpoint of nutrition. 

Nore.—The probable explanation of the fact that on the first two days the 
nitrogen in the stools and irrigations was greatly in excess of that artificially in 
jected in the enemata is that material from previous days was retained ud ex 
pelled along with the stools passed on test days.) 

Case 2.—Gastric ulcer. Man, aged 27. 

Food: Peptonized milk and eggs. 


NITROGENOUS BALANCE.-—FIRST DAY. 


Total intake of food nitrogen ..............+-+2eeeeeee: 6.37 grams. 
Total nitrogen output (urine, 15.52 grams; feces, —; irri- 
gation, 6.89 grams) ...........-2eeseeeesseecceees 22.41 grams. 


Total loss of nitrogen, 24 hours, output in excess of intake. ..16.04 grams. 
(Patient could not be weighed. ) 
NITROGENOUS BALANCE.—SECOND DAY. 


Total intake of food nitrogen 6.35 grams. 
Total nitrogen output (urine, 15.60 grams; feces, 9.06 


Total loss of nitrogen, 24 hours, output in excess of intake. ..18.31 grams. 

Case 3.—Postoperative perforating gastric ulcer. Man, aged 23. 

Food formula, peptonized milk and egg, with panopeptone. Patient had been 
on this several days, when test was made only on one day, so that it is rather 
incomplete. Daily volume, 712 e.c. 


Total intake of food nitrogen ............ pinks ieee 4.69 grams. 
Total nitrogen output (urine, 19.04 grams: feces, 9.54 
BEGINS) 28.88 grams. 


Total loss of nitrogen, 24 hours, output in excess of intake...24.19 grams. 

Little comment is needed in addition to a glance at the figures pre- 
sented to prove the inadequacy of rectal feeding in these cases, and it 
may be assumed that in the vast majority of cases the results are little, 
if any, better. 

The minus nitrogen balance varies from — 8.81 grams to — 24.19 
grams, and is accompanied by a steady loss of weight in the first case 
(the only one weighed), apparently also in the others, 

In a review of the literature on this subject, the only paper found to 
approach it from the standpoint of exact metabolism was by Edsall and 


Miller.* who investigated two cases with rather better results, so far as 
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concerned actual absorption of the nutrient mixture of peptonized milk 
and eggs by the intestinal wall, but the nitrogenous loss averaged 11.8 to 
70.9 grams nitrogen for the test period of six days. From clinical ob- 
servation, however, and from the foregoing cases, the conclusion may be 
drawn with considerable certainty that rectal alimentation, as ordinarily 
practiced, is of little or no value in most instances, while in some it may 
prove harmful by using up the patient’s strength. Of course, it has been 
proved that water is well absorbed by the rectum and that this method of 
introducing water is of extreme value. 

Having satisfied ourselves of the foregoing facts, the next question 
which naturally arises is: Can nutritive equilibrium be maintained more 
satisfactorily by any other artificial means? 

Many investigations have been undertaken to determine the effect of 
intravenous injections of various foodstuffs in solution. Although the 
prime object of most of such attempts has been to study the effects of 
these substances on the organism, incidentally side lights have been 
thrown on the subject of nutrition, although mostly in a negative way, 
as substances so injected have been proved unsuitable for use in artificial 
nutrition, either because of their toxicity or because they are imme- 
diately excreted for the most part. 

Leaving out of consideration intraperitoneal nutrition as unsuitable 
and impracticable for continued use, one naturally turns to the problem 
of artificial nutrition by the hypodermic injections of foodstuffs. With 
the introduction of Chittenden’s lowered food requirements it occurred 
to the writer to attempt to prepare an artificial, soluble food, containing 
the precise nutritive requirements for an individual calculated on Chit- 
tenden’s figures; to inject it into the subcutaneous tissue and determine 
the nitrogen balance day by day, to see if the requirements of the body 
were being met, and the body maintained, not only in nitrogenous equi- 
librium, but also in weight. 

The literature on this subject is surprisingly scanty. There are no 
articles accessible to the writer in which the subject has been approached 
from the standpoint of metabolism. What has been done may roughly 
be divided into clinical inquiries and Jaboratory experimentation. The 
clinical observations have been of the crudest sort, and the reports con- 
tain almost no data concerning the cases or, at best, very insufficient data. 
Whittaker,’ in 1877, reported the case of a man nourished for six days 
by subcutaneous injections of milk, extract of beef and later cod liver 
oil; but from the article there is no proof that the man was nourished 


5. Am. Jour. Med. Se., April, 1877. 
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in the real sense of the word, for no mention is made of body weight 
during this period, of the total amount of food injected, nor of the ex- 
cretions, and we know that a patient can survive a short period of star- 
vation with comparative ease. Kreng* injected 15 to 20 c.c. of olive oil 
hypodermically for twenty days and succeeded in maintaining the pa- 
tient’s weight (?) and strength. 

Pick’ quotes a case from Whittaker, who nourished a girl suffering 
from gastric ulcer, with a weak pulse and high temperature, for four 
days by hypodermic injections of milk and beef-blood, with “great in- 
crease in weight and strength, after which period the patient was able 
to take nourishment by mouth and the temperature fell.” The dose of 
milk was a dram at a time, which is an absurdly small amount relative 
to the nutritional requirements, and makes one extremely skeptical of 
the results as recorded. 

Leube* injected a 20 per cent. sugar solution and found that it was 
well borne if only a few cubic centimeters were given at a time, but the 
limit of absorption was 15 to 20 grams of sugar in the twenty-four hours, 
all beyond this being excreted in the urine. 

A more recent report by Barker*® speaks of the successful use of a 5 
per cent. glucose solution in normal salt solution; this gives a solution 
which has the same freezing point as normal blood, — 0.56° C. He 
used it in preparing some patients for operation, and only in one in- 
stance were the injections followed by glycosuria, although he fails to 
state the amounts injected, and gives no weights or metabolism data. 
This was tried on one case of marked asthenia from pyloric stenosis, but 
without success, as the patient died of exhaustion. On the other hand, 
most other experimenters agree that the usefulness of glucose is very 
slight, as it is so promptly excreted when given in nourishing amounts, 
while in the hands of some it has caused necrosis at the point of injection. 

Turning to the purely experimental aspect of the subject, we find 
more data, but the results have been largely negative or unsatisfactory. 

Of the substances tried, fat, in the form of oil or butter, has been 
most frequently used. Without going into the details of the various 
experiments, we may take Henderson and Crofutt’s'’® statement as em- 
bodying the latest and most satisfactory results of experimentation along 
this line. They say: “Oil injected subcutaneously is readily and widely 
distributed through the subcutaneous tissue. It is not transformed in 


6. New York Med. Jour., March, 1876. 

7. Deutsch. med. Wehnschr., 1879, v, 31. 

8. Verhandl. Cong. innere med., Wiesbaden, 1895, xiii, 418. 
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situ into adipose tissue. The tissues react to its presence as to any non- 
irritating, foreign substance. In the blood and lymph it does not appear 
in detectable amounts, and, while the oil is ultimately absorbed and util- 
ized in metabolism, the process is one of extreme slowness. Oil injec- 
tions in any moderate amount are, therefore, practically without nutri- 
tive value.” 

Winternitz™ found that only 2 to 5 grams per day were utilized and 
that for subcutaneous nourishment it was not of practical value. 

When we come to consider the availability of protein for subcutaneous 
injection, we are met by a variety of opinions. Eichorn,’ in a series of 
experiments, used cow’s milk (1/3 water), “Sanders peptone” and egg 
albumin. He concluded (1) that they are wholly absorbed, (2) that 
egg albumin often leads to abscess formation, (3) that cow’s milk, di- 
luted, takes the longest time for absorption, (4) that there is no local 
reaction from 20 grams of peptone. He also injected five dogs with 
albumin, olive oil, cod liver oil, almond oil and sugar solution, and states 
that most of the dogs maintained their weight. Few details of the ex- 
periments are given and there are absolutely no metabolism figures; the 
whole subject is very incompletely treated. 

In another series of experiments, he used defibrinated pigs’ blood and 
calves’ blood, but without satisfactory results, and concluded his article 
by saying: “When we look at the results of subcutaneous injection of 
foods, we can assume that materials which do not inflame the cellular 
tissue when injected can be used for a while, often to advantage, to save 
life or postpone death by starvation.” 

Leube™ found that the injection of 18 grams of “somatose” into a 
dog caused marked disturbance of well-being and led to albuminuria, due 
to renal irritation (see also results of somatose injections in these experi- 
ments). 

Ewald,’ discussing the subject, dismisses with a word albumoses and 
peptones as poisonous and useless. 

Leube,’® in a later article, speaks much in the same way, but suggests 
that possibly albumin, in the form of an alkali albuminate or syntonin, 
might be of use, although he had not tried it (see second experiment in 


this series). 
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Four years ago Trolldenier’® used an albuminous substance interme- 
diate between the peptones and albumoses. Of this he gave 100 e.c. 
(10 per cent. solution) to each of several dogs. In summarizing his re- 
sults he says that the dogs maintained their weight; that the urine 
showed albumose; that the injections were painful, and that abscesses 
developed at the point of injection. It is hard to believe that these dogs 
could possibly have kept their weight on the amount of protein which 
Trolldenier gave them, as it has been found that a dog needs at least 0.3 
gram nitrogen per kilo to maintain nitrogenous equilibrium, while these 
dogs received but a fraction of that, about 0.2 gram. 

From this brief review of some of the most important contributions 
to the subject, it can readily be seen that the problem of providing suffi- 
cient food to an animal by injection and at the same time approximately 
maintaining its nitrogenous equilibrium, to say nothing of its weight. 
is a most difficult one. It was felt, however, that it would be exceed- 
ingly desirable to attempt it, inasmuch as, if successful, some plan might 
be evolved for artificial nutrition in man, although any method to ac- 
complish this successfully must be both clinically safe and nutritively 
sufficient, or nearly so, and must rest on the scientific facts of metabol- 
ism. ‘Toward this end the following experiments were performed on 


dogs: 
EXPERIMENTS ON DOGS, 


Preparation of the Dogs.—As a routine, the dogs were put on the regular 
laboratory diet and confined in metabolism cages, where all excreta could be saved 
for analysis. As a rule, the dogs lost a little weight for a few days, and then 
settled down to almost constant weight from day to day. It was not until this 
had been accomplished that an experiment was attempted. 

In the first attempt a food which was theoretically perfect was prepared from 
“somatose,”’ representing the protein element in the form of soluble meat peptone, 
at the dog requirement of 0.3 gram nitrogen per kilo; the remaining requisite 
number of heat units (on human basis) being made up of glucose in normal salt 
solution, the whole being sterilized by thorough boiling. 

EXPERIMENT 1.—Three preliminary injections were made of this food, the first 
representing 0.66 gram somatose per kilo, the other two 0.42 gram per kilo each, 
and the effects were noted. The larger amounts caused marked toxic symptoms, 
trembling, inability to stand, and rise of temperature, a trifle over 4° F. within 
four hours. The smaller amounts were better borne, but still gave rise to some 
toxemia. The urine after the third injection gave a positive biuret reaction, and 
sugar was also present, but apparently in small amount, After a few days of rest 
on regular mouth-feeding, a forty-eight hour period was begun with the same food, 
dividing the twenty-four hour requirement into three injections for morning, 
afternoon and evening; at each injection an amount of peptone was used equal to 
0.5 gram per kilo of weight. 

Without going into the details of this experiment, it was seen that the dog 
showed less and less reaction, although the effects were too severe to constitute a 
result at all satisfactory from a clinical point of view. The temperature rose 


16. Berl. klin. Wehnschr., 1903, x1, 912. 
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from 2° to 3° F., and the dog became weak and ill, the urine was k ned in 
amount, contained albumin, peptone, sugar, hyaline and granular casts, The 
injection fluid collected on the under side of the body and caused marked edema. 
Between the 10 p. m. and the 10 a. m. feeding of the following day, the dog 
largely recovered its normal physical condition. 

Following the period of injections, the dog passed an excessive amount of urine, 
probably from the subsidence of the edema, and continued losing some weight, 
even after it had been on regular mouth feeding again, receiving daily the same 
amount of food that had maintained it previously at a practically stationary 
weight. This less in weight continued for a few days, then the weight remained 
stationary at a lower level. This, curiously enough, was the rule after most of 
the injection experiments. These results were not such as were thought worth 
following up as the toxemia was too marked, and for this reason chemical anal- 
yses were not made. Table 1 shows in graphic form the data collected. 


TABLE 1. 
Food Volume 
Date. Weight. Solution. Urine. Urine. Clinical Notes. 
€.€. e.c. Sp. Gr. 
March 30 3. 7 340 1018 Dog well. 


March 31 . 315 138 1045 Dog weak; some difficulty in 


standing. Temperature 104.5° 
Edema. 


315 had six injections; condi- 
tion about same; urine con- 
tains albumin, peptone, sugar, 
hyaline and granular casts. 


705 1911 Dog fairly well again. 
Urine: albumin, distinet trace; 
+ 390 1014 sugar absent, occasional cast. 
* Injection period. + Regular food. 


EXPERIMENT 2.—In the second experiment it was thought that possibly an 
alkali albuminate made from meat would meet the essential qualities of solubility 
and being capable of sterilization and might also be found to be less toxic than the 
peptone; this was prepared and diluted with normal salt solution. No account 
was taken in this experiment of furnishing the required calories, as it was 
undertaken solely with the view of seeing whether or not such a preparation 
would be of use. 

The results of the injection of the alkali albuminate were most unsatisfactory, 
causing vomiting, bloody diarrhea, renal irritation, and local necrosis at points of 
injection. 

The meat peptone and albuminate having proved so unsatisfactory, it was 
thought that possibly the peptone from cow’s milk might be better borne, for it 
was conceivable that some of the toxicity of the meat peptone preparations might 
have been due to the extractives present. 

In order to make this milk peptone, the certified city milk was used, after re- 
moving the gravity cream (as we have seen the fats are so slowly and insufficiently 
absorbed) ; this was then digested for three hours, by means of dry extract of pan- 
creas with dilute sodium carbonate. The liquid was then sterilized by boiling, 
strained and put in sterile flasks after removing a sample for nitrogen determina- 
tion. 

EXPERIMENT 3.—For this experiment a small, pregnant dog, weighing 5.19 
kilos, was used, and in order to find out at once the toxicity of this milk peptone, 
rather large amounts were used, equivalent to 0.4 gram nitrogen per kilo, divided 
into two doses, given twelve hours apart. Following the first injection, the dog 
gave birth to one normal pup. There were only moderate toxic symptoms, nothing 
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like as severe as those following becf peptone and albuminate. Although the results 
with the milk peptone were not entirely satisfactory, it was decided to go ahead, 
employing a three-day period with this large amount of protein injection. The 
reason for using so much more than the absolute dog requirement was to deter- 
mine whether or not it was dangerously toxic, this percentage of nitrogen per 
kilo being nearly four times that required for man. 

In spite of this, it will be seen that the mother lost weight decidedly, and after 
the first day the temperature rose 2° F. and remained up. Some milk was secreted, 
but the pup failed to get sufficient nourishment and lost weight steadily. At the 
end of the third day, the mother was only in fair condition, was considerably 
poisoned, as evidenced by temperature, malaise and suffusion of conjunctive. The 
pup had lost in weight and strength, so it was decided to stop the experiment and 
return the mother to regular mouth feeding. This was done at the end of the 
third day, and, although more milk began to be secreted, the pup was now too 
weak to get a supply, and died on the fifth day. After the first day, the mother 
refused all water by mouth, as she was evidently receiving sufficient fluid from 
the injections. 

It will be seen on examining Table 2 from this case, that at the end of the first 
twenty-four hours, the amount of urine excreted was smaller than normal (the 
usual occurrence in these cases), but of very high specific gravity, 1076 the first 
day and 1052 the second. These figures were much higher than any obtained 
throughout the entire series of experiments, and although no exact metabolism ex- 
periments were made, as the case was of too short duration and the conditions too 
exceptional to make it of value, the rate of metabolism was evidently excessive and 
was unquestiorably a great factor in the safety of the animal, for the next two 
dogs, in one instance on the same and in the other on a smaller amount of nitro- 
gen per kilo, died of toxemia. 

In trying to find a satisfactory explanation for this fact, viz.. that this dog 
survived these injections, it was learned that Zachwegrwski" proved that in preg- 
nant women there was antepartum nitrogen retention, and that postpartum 
there was a decided nitrogen loss, equilibrium not being established for four or 
five days, or even longer. He believed that the involution of the uterus caused the 
high nitrogen output accompanied by excessive nitrogen metabolism. It would cer- 
tainly seem that this was the case, as the animal lost flesh out of proportion to the 
other animals, although it was on a higher percentage of nitrogen. So far as the 
pup is concerned, the method of hypodermic feeding of the mother failed to furnish 
the requisite amount of food, but as this was a very severe test for an artificial 
form of feeding, it is not surprising that it failed to meet these unusual demands. 


TABLE 2. 


Volume 
Date Weight Trine. Urine. Food. Clinical Notes. 
kilos. ce Sp. Gr. 
5.21 215 1020 Regular Well and lively. 
5.13 205 1012 Regular 
5.19 135 1020 Regular 
Go. 5.12 115 1076 Dog vomited. Rather weak; 
per k. in gave birth to pup. Weight 
pepton of pup 21 grams. 
ized 
milk. 
5.° Aug. 2..... 5.03 205 1052 still weak. Pup weight, 18 
grams. 
4.90 365 1031 Dog still weak. Pup weight, 17 
grams. 
Gi 4.38 515 1011 Regular Tog better. Pup weaker; 16 
grams 
4.40 210 1020 Regular Pup weaker: 15 grams. (Died 


next day.) 


* Injection periods. 
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EXPERIMENT 4.—In order to see whether the peptonized milk would prove as 
toxie under what might be termed normal conditions, another dog was injected 
with the same amount of nitrogen per kilo, namely 0.4 gram, divided into 
two doses daily. After the first injection, the toxic symptoms of the peptone were 
very evident, for the dog looked sick and could not rise. It received only three 
injections, at twelve hour intervals, showing after each more and more evidence 
of toxemia and dying twelve hours after the third injection. 

The autopsy showed marked subcutaneous edema on the flanks and under the 
belly; skin dark purple and ecchymotie. On section, this area of edema was found 
infiltrated with bloody, serous fluid. The organs were sent to the Cornell Path- 
ologic Laboratory and the following report was received: 

“Liver.—The whole section stains poorly. Many lobules show a marked degen- 
eration as from a severe toxemia. The ability of the cell body and nucleus to take 
on basic stain has been lost, indicating changes in the direction of degeneration, if 
not necrosis. The vascular elements seem normal. 

“Kidney.—Tubules were in a condition of cloudy swelling and granular degen- 
eration. Glomeruli, interstitial tissue, blood vessels appear normal. 

“Heart and Spleen.—Normal. 

“Intestines —Some congestion in spots; no hemorrhages.” 

EXPERIMENT 5.—The next trial to be recorded was with the peptonized skimmed 
milk, but peptonized only one hour and a half, as it was thought that possibly the 
length of the peptonization might make some difference in the degree of toxicity. 
Then instead of suddenly changing from all mouth feeding to all hypodermic feed- 
ing it was thought that it might be safer to make the change more gradually. The 
first day, three-quarters of the regular amount were given by mouth and one 
quarter by hypodermic injection. The next day half mouth feeding and half hypo- 
dermie injection were resorted to, always on the basis of 0.3 gram nitrogen per 
kilo. 

These injections caused some toxemia from the first, but it was not until the 
second day that the dog looked really ill, and on the morning of the third day he 
was found dead, apparently from the same form of toxemia as killed the preced- 
ing dog. The first day’s injection represented 0.075 gram of nitrogen per kilo; 
the second day's, 0.15 gram of nitrogen per kilo. 

The autopsy revealed local edema with serous bloody fluid. The examination 
of liver and kidneys could not be completed in time, but on gross examination 
presented only slight evidences of cloudy swelling. 

Although the outlook for accomplishing artificial nutrition with anything like 
exactness by the use of milk seemed most unpromising, it was felt that with milk 
as the most readily obtainable food, easy of preparation and sterilization, it would 
be worth giving it a final trial in the hope that some immunity to the poisonous 
effects might be acquired by using very small amounts at a time and increasing 
very gradually, waiting for all symptoms to subside before repeating the treatment. 

EXPERIMENT 6.—The milk was skimmed and peptonized as in the last experi 
ment, for one and a half hours, then sterilized. A 50 per cent. glucose solution 
was also prepared, in order to see how this would act in connection with the 
milk, thus furnishing some extra heat units. 

A lively dog was obtained, put on the laboratory fare, weighed daily, and 
allowed to reach practically a stationary weight, which it did on a diet of 0.61 
gram of nitrogen per kilo, although on this diet it put on 0.4 to 0.5 gram of 
nitrogen. A period of thirteen days was consumed in the experimental feeding, 
previous to which the dog, as has already been stated, was at an almost constant 
weight, although the nitrogen balance showed the 0.4 to 0.5 gram plus per day. 

The injections were begun with very small amounts, e. g., 0.098 gram of nitro- 


gen per kilo, divided into two injections, and, as a rule, the amount was not 
increased for forty-eight hours. Including the two aays on regular mouth feeding, 
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preceding the experiment, and on all the thirteen days during which hypodermic 
nutrition was successfully maintained, the nitrogen balance was determiend daily. 
While this always showed a minus balance, i, e., the dog was excreting more 
nitrogen than it received in the food injected, still, with each increase in the 
amount of food the minus balance grew steadily less until on the tenth and 
eleventh days it was only 0.5 gram of nitrogen, the body weight remaining almost 
constant on those days. The food was then reduced and the minus nitrogen 
balance again inereased to —2.62 gram. On increasing the food, it again sank 
to —O.311 gram on the fourteenth day. 

These injections were given precisely as the others, twice daily, twelve hours 
apart, under aseptie precautions, and the animal showed surprisingly little reaction 
to them. During the earlier days of the injections, when the amount of nitro- 
gen injected was low and the dog, of course, losing weight, he was not so lively, 
but was not ill; as the quantity of nitrogen was increased to 0.33 gram per kilo 
his general well-being improved and he was bright, lively and apparently normal. 
Up to the point of receiving 0.22 gram of nitrogen per kilo, there was no biuret 
reaction in the urine, showing that the peptone was being utilized completely. 
After this, there was always a slight reaction, increasing somewhat as the per- 
centage of nitrogen was increased, although the dog’s apparent well-being was im- 
proved and he seemed normal. 

At times there was a trace of albumin in the urine, but never more; at no 
time were there casts. The sugar injected varied from nearly 4 grams per kilo 
per day to a little less than 1 gram, and varying amounts could always be de- 
tected in the urine. The lactose from the milk injections alone gave a moderate 
reduction of the copper, but not a quick, strong reaction, as when the glucose was 
injected, No accurate estimations of the amount of excreted sugar were made. 

The dog's temperature at the beginning of the experiment was 103° F, (some- 
what above normal), and never rose over 103.2° F, during the entire period of 
thirteen days. After the first two days, the dog was never thirsty and refused 
water during the last eleven days; it received more water by the injections than 
it really needed. 

After the twenty-sixth (the last) injection on the thirteenth day of this ex- 
periment, the dog played about, ran to his cage wagging his tail, showing a very 
nearly normal physical condition, except for the moderate loss in weight, 0.85 kilo, 
The loss of weight, which set in late in the experiment, probably shows that such 
a purely artificial form of nutrition can not be maintained indefinitely (Table 3). 


SUM MARY. 

In offering a short review of these experiments, the results may be 
stated in a few words as follows: 

1. By the ordinary method of rectal alimentation it is practically 
impossible to nourish patients properly or to maintain nitrogenous equi- 
librium. ‘There are probably few, if any, exceptions to this rule. 

2. The hypodermic use of meat peptones and alkali albuminates is 
not feasible for artificial nutrition on account of their great toxicity and 
tendency to cause local necrosis. 

3. Skimmed milk, peptonized one and one-half to three hours, may 
prove fatal if given hypodermically. 

4. It was found possible to furnish a dog with full nitrogenous re- 
quirements in the form of skimmed milk, peptonized one and one-half 


hours, and injected hypodermically in gradually increasing doses: when 
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Remarks. 


Dog a little depressed. 
Dog better; lively. 


Dog practically normal. 


Some urine contained feces, es 
timated as “liquid.” 


Some urine contained feces, es 
timated as “liquid.” 


Some urine contained feces, es- 
timated as “liquid.” First 
day with + biuret reaction. 


Dog apparently keeps well; not 
thirsty. 


Very small minus balance. 


Dog continues all right. 


Smallest minus nitrogeous bal 
ance. 


Dog lively and well; trotted 
back to cage. 
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on the larger amounts of food the weight remained almost stationary, 
the nitrogenous balance showed only 0.3 to 0.5 gram loss, the dog being 
apparently physically in good condition, 

5. For ordinary use, although successfully carried out in this in- 
stance, milk peptone when injected hypodermically must be considered 
dangerous, and until some method for avoiding the greater part of the 
natural toxicity of the product can be found, should not be used for nu- 


tritive purposes in man. 


Since nutrition may be thus artificially carried out in dogs, it does 
not seem improbable that some modification of the method may be found 
that would be suitable for man, particularly as the minimum human 
nitrogen requirements are, per kilo, less than one-half that of the dog. 

Addenda.—A subsequent attempt was made to nourish a dog on milk 
to which extract of pancreas had been added at the time of injection in 
the hope that the process of peptonization would take place slowly in the 
tissues, thus reducing the tendency to toxic effects from large amounts 
of peptone. The experiment, however, was a failure, as the material 
caused wide local necrosis and made the dog exceedingly ill. It was then 
thought that possibly a dog might be immunized against this form of 
peptone, that serum from this animal might prove effectual in protecting 
another. The attempt was made, but, although the dog which it was 
attempted to immunize showed a lessening reaction to the poisonous 
effects of the peptone, it never became immune. This, it was found, 
coincided with the experience of Friedman and Isaacs."* 

My hearty thanks are due to the attending and house staff of the Pres- 
byterian Hospital for the clinical material and to Prof. Wm. T. Gies. of 
the Department of Biologic Chemistry of Columbia University at the 
College of Physicians and Surgeons, for many helpful suggestions and 
valuable advice in connection with the metabolism experiments as they 
were carried out under his supervision. 


66 W. Fifty-fifth Street. 
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THE RELATION OF IODIN TO THE STRUCTURE OF THE 
THYROID GLAND. 
DAVID MARINE, M.D. axp W. W. WILLIAMS, M.D. 


[From the Laboratories of Pathology and Pharmacology of Western Reserve 
University. ] 
CLEVELAND, OHIO, 
INTRODUCTION, 

The analyses and experiments embodied in this paper comprise the 
second stage of the work on the nature of goiter, viz.: the relation of 
iodin to the structure of the thyroid gland. 

In previous papers one of us' discussed the structure of the thyroid 
in its various phases in the attempt to formulate basic anatomic types 
to which the individual glands could be referred. It was found that 
the various types of changes are quite easily separated into four natural 
groups, viz.: 

(1) Normal glands. 

(2) Glandular hyperplasias, all degrees (parenchymatous hypertro- 
phies). 

(3) Colloid glands, goiter (all degrees). 

(4) Complications supervening in any of the three preceding groups. 

It has also been pointed out? that the anatomic changes observed 
in developing goiters are of such nature, and occur under such peculiar 
conditions, and can be controlled by such particular procedures, that we 
are forced to conclude that they are physiologic reactions to some de- 
ficiency, or compensatory hyperplasias. 

Among the factors which might be connected with this deficiency, 
iodin was rendered most prominent by the observations of Halsted* on 
compensatory hypertrophy, by the discovery of Baumann‘ of the normal 
presence of iodin in the thyroid and by the vast accumulation of clinical 
and experimental evidence of the specific therapeutic effect of iodin in 


1. Cleveland Med, Jour., 1907, vi, p. 43; also Johns Hopkins Hosp. Bull., 1907, 
359, 

2. Jour. Infect, Dis., Chicago, 1907, iv, 417; also Cleveland Med, Jour., 1908, 
vii, 105. 

3. Halsted, W. S., Johns Hopkins Hosp. Rep., 1896, i, 373; also Med. Ree., 
N. Y., 1888, xxxiv, 368, 

4. Ztschr. f. physiol. Chem., 1896, xxi, 319, 
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the nyperplasic or parenchymatous glands. We were, therefore, led to 
investigate further the relation of iodin to the gland structure. This 
work, so ably begun by Baumann’ and others, undoubtedly lost much of 
its real worth by their attempts to apply the discoveries to analogous 
conditions in the human being before the difficulties and complicating 
conditions were fully recognized. Moreover, as the discovery of iodin 
came at the time when the chemistry of thyroid opotherapy was attract- 
ing the attention of other physiologic chemists who were more particu- 
larly interested in the organic constituents of thyroid proteids, the views 
of the above-mentioned investigators (Baumann, Oswald,® Roos’) as to 
the relation and importance of iodin in the proteid molecule met great 
opposition.® 

R. Hutchinson’ asserts that the activity of the thyroid is due to the 
two proteids of the colloid, but, after examining them in the light of 

jaumann’s work, he found that both contain iodin, adding that one has 

only to realize the small amount of iodin (a few mgm.) to recognize that 
it can not play an active part. Concluding, he says: “The colloid 
matter then is the active substance—the part which iodin plays it plays 
by virtue of the form of combination in which it occurs in the colloid 
and not by virtue of its being iodin.” In a second paper’? he still con- 
siders iodin of secondary importance to the proteids in the therapeutic 
value of thyroid extract, and adds that if iodin in the colloid be increased 
ten times, as it is possible to do, it does not increase its activity. 

To-day, however, one feature is generally agreed on, viz.: that the 
physiologic activity of the (colloid) thyreoglobulin is dependent on the 
amount of iodin contained in organic combination. Hunt" has recently 
arrived at similar conclusions in a novel way—that of testing the resist- 
ance of animals to a poison (acetonitrile) with and without the adminis- 
tration of thyreoglobulin. 

In this work we have attempted to eliminate as many of the compli- 
cating, perplexing and uncertain factors as our present knowledge would 
permit, and to include all the factors which were open to observation 
and which at the time seemed to have a bearing on the structure or chem- 


5. Ztschr. f. physiol. Chem., Strassb., 1896-7, xxii, 1; also Baumann and Roos, 
ibid, 1896, xxi, 480. 

6. Ibid., 1897, xxiii, 265; also Inaug. Diss., Strassb., 1900, 

7. Ibid., 1896, xxi, 19; also Virchow’s Archiv., 1902, clxix, 444. 

8. Notkin, Wien. med. Wehnschr., 1895, xlv, S. 824; 872; also Friinkel. S.. 
Wien. klin. Wehnschr., 1895, viii, 842: also Med. Record, N. Y., 1896. xlix. 37. 

9. Jour, Physiol., 1896, xx, 474. 

10. Jour. Physiol., 1898, xxiii, 178. 

ll. The Journal A. M. A., 1907, xlix, 1323. 
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istry of the gland. With this idea in view, we chose to use the dog and 
have appended the full table of analysis, tue special features of which 
will be pointed out under their appropriate headings. 

The general views as to the etiology of goiter may be divided into two 
groups: (1) that it is due to an infecting agent (miasm) and (2) that 
it is the manifestation of a nutritional disturbance. The former had 
its period of greatest development parallel with the early period of 
bacteriology (1850-1885). Virchow, Hirsch and, in particular, Ewald 
have supported this view. 

The latter view, that it is a nutritional disturbance, has received its 
greatest support from experimental investigations. The experiments, 
accidental, as it were, of the elder Kocher, and Reverdin,™ of the 
total removal of the gland in man, were probably the most suggestive in 
the early period. The work of Munk" on the importance of the thyroid 
gland to the animal, pointing to conclusions which were so contradictory 
to the prevailing views", stimulated Halsted,® in the early days of aseptic 
surgery, to repeat them. Halsted’s fundamental experiments and observ- 
ations, followed by those of Horsley'® and Edmunds,’® have established 
several important general biologie facts, chief among which are: (1) that 
the gland is essential to normal body economy; (2) that partial removal 
is followed by compensatory hyperplasia of the remaining portion; (3) 
that myxedematous conditions follow the total removal of the thyroid 
gland alone, and (4) that it is possible to produce experimentally con- 
genital (goiter) hyperplasia of the thyroid. 

The introduction of thyroid feeding into the treatment of myxedema 
and later into that of goiter, in general, was particularly associated with 
the names of Murray"? and Mackenzie’* in England and Bruns’ in Ger- 
many. Advances in our knowledge of the chemistry of the gland fol- 
lowed quickly on the discovery of its therapeutic merits and are in par- 
ticular associated with Hutchinson,’ Friinkel,* Baumann,’ Oswald® and 
Roos.? 

The results of all the investigations included in the above summary 
have tended to show (1) that the thyroid gland is an organ essential to 

12. Quoted in report of the committee on myxedema, Trans, Clin. Soc., Lond., 
1888, No. 21. 

13. Sitzungsber. d. k.-preuss. Akad, d. Wissensch, zu Berlin, 1887. 

14. Schiff, Arch, f. exp. Path. u. Pharmakol., 1884, xviii, 25. 

15. Brit. Med. Jour., Lond., 1895, i, 111, 211; also Internat, Beitr. z. Wissensch. 
Med., 1891, i, 369. 

16. Jour. Path. and Bacteriol., Lond., 1894-6, iii, 488. 

17. Lancet, Lond., 1893, i, 1130. 


18. Ibid., 123. 
19. Beitr. z. klin. Chir., 1894, xii, 847. 
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the normal metabolic activities of the animal; (2) that it probably has a 
definite secretion; (3) that iodin is an essential constituent of this secre- 
tion, and (4) that the various anatomic changes occurring in the gland 
are results of or reactions against general nutritional disturbances rather 


than specifically thyroid in origin. 


ANATOMIC CONSIDERATIONS. 

The trite phrase, that “our knowledge of structure must precede our 
knowledge of function,” seems particularly applicable to the study of 
the thyroid. Indeed, in our experience, the thyroid gland offers one of 
the most striking examples yet encountered of the relationship between 
variations in physiologic activity and in anatomic structure. In this 
work, a classification of the thyroid changes that is at once simple of 
application, well defined, and as free from vagueness as possible is abso- 
lutely essential. The present state of our knowledge offers no condition 
or factor, other than structure, that is sufficiently constant or uniform to 
allow of its use as a basis of classification. By examining large numbers 
of thyroids, it has been found possible to differentiate types to which the 
various grades and stages of the changes can be made to conform. Thus, 
by making as few subdivisions of these pure types as is possible the exist- 
ing confusion in nomenclature may be obviated to a large extent. We 
also thirk that the anatomic standard of classification in experimental 
work on the thyroid will permit comparisons with other observers’ 
work which, at present, is not possible. Such a classification will allow 
us to refer all phases of the subject under investigation to a fairly con- 
stant anatomic base-line and render possible an analytic study of these 
phases. 

The material for this work consists of the thyroid glands of a series 
of over one hundred dogs taken without discrimination as to weight, 
age, sex or breed from the several department laboratories. Care was 
taken, however, to get the thyroids as soon as possible after the dogs 
were brought from the street in order that the findings might with justice 
be taken as an index of the normal street condition. As factors which 
might conceivably affect the condition of the thyroid, we observed the 
age, sex, breed, weight and state of nutrition. Records were made of all 
these conditions, though as regards age and breed gross errors are prob- 


able. The thyroid glands were weighed fresh; brief descriptions of color, 


consistency and visible colloid were noted; a small piece for microscopic 


Pie. Normal thyroid. de 
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examination was then removed, and the gland reweighed and referred to 
Dr. Williams for iodin determination.*” 

As a result of an extensive experience with the anatomic appearances 
of the dog’s thyroid, we have found that, while in general one can make 
fairly accurate determinations as to the type and even the grade of change 
from the gross appearance, there is always the chance for error; e. g., 
small glands may show quite marked hyperplastic changes, though, as a 
rule, the enlargement is proportional to the dogree of glandular hyper- 
plasia. Likewise, while the color and consistency and blood vessels, in 
general, conform tg the glandular changes, reliance on them may be a 
source of error, as pointed out by Halsted... The microscopic appear- 
ance, therefore, has been our sole final guide to the group or subgroup to 
which each gland was referred. 


NormMAL AuGranes 
Cotton GOITER 


Fig. 2.—Showing relation of glandular hyperplasia to colloid goiter. 


Barring complications, the three natural groups are, as previously 
stated: (1) normal glands, (2) colloid glands, (3) hyperplastic glands. 
Subgroups have been made only of Group 3—the glandular hyperplasias. 
It was further found necessary to make double reference to several of the 
glands, as “normal X early,” “colloid X early,” “early X moderate,” or 
“moderate X marked.” These will be considered as intermediate groups. 
Brief anatomic descriptions of the groups and subgroups follow: 

Group 1. Normal Gland.—The normal gland is similar, as to all 
its essential anatomic features, in all mammals examined. In herbivora, 
as a rule, the gland has coarser lobulations and more stroma. In the 


20. The iodin determinations were made quite independently of the histologic 
work, and the anatomic groupings were made independently of the iodin determina- 


tions. 
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dog, the normal gland has a thin gray translucent capsule. ‘The gland 
tissue is firm and of a yellow translucent color, due to the abundance of 
syrupy colloid. The blood and lymph vessels are very small. Micro- 
scopically, the acini are rounded, fairly regular spaces, lined by a single 
laver of flat cubical epithelium. The epithelial nuclei are small, flat- 
tened and darkly staining. The colloid is quite uniform and homo- 
geneous in its staining reaction and sharply abuts on the lining epithe- 
lium. The stroma is very scanty. All glands conforming to this descrip- 
tion were considered normal (Fig. 1). Glands to which there are double 
references are not included in the analytical tables.. In our series there 
were but three*! glands (A-38-87-98) which conformed to this rigor- 
ous standard—two from females and one from a male. All three dogs 
were in a fair state of general nutrition. Regarding age and breed there 
is nothing significant. 

Groupe 2. Colloid Gland.—The colloid gland (goiter) in its un- 
complicated form may be considered as an exaggeration of all the nor- 
mal gland structures. Since it has been shown definitely by one of us 
that practically, if not quite all, colloid glands (goiters) have been pre- 
ceded by a hyperplastie stage and are to be considered as the reverted 
and quiescent or as nearly the normal state as a gland can ever become 
which has once been the seat of a glandular hyperplasia, it then follows 
that we have to deal with all grades of the colloid condition, depending 
on the degree of hyperplasia preceding it. We think it necessary to 
consider all thyroids as colloid glands if they show any microscopic 
evidence of having had any grade of glandular hyperplasia preceding, 
no matter if their size, color, consistency and general appearance at the 
time of obtaining coincide with those of a normal gland. This view is 
shown more clearly in Figure 2. 

To take, then, a moderate example of a colloid gland, the anatomic 
findings are as follows: The gland is symmetrically enlarged and very 
firm, the capsule is somewhat thickened and opaque, while the acini 
are large, well defined and filled with clear yellowish colloid. The tissue 
is translucent and not vascular. Microscopically, the arteries show an 
obliterating endarteritis similar to that occurring in the uterine or 
thymie vessels during involution. The colloid stains uniformly and 
densely and abuts sharply on the epithelium. The acinar epithelium is 


21. The findings of but three absolutely normal glands out of the 113 specimens 
is due to the very rigid standard of normal adopted, viz., the seacoast type. 
Many ordinarily called normal were classified in the intermediate groups, i. e., 
under the double reference “normal x early” or “normal x colloid.” These finer 
distinctions are only of value for scientific accuracy, 
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flat-cubical and arranged in a single layer. The nuclei are flattened, 
small and darkly staining. Depending on the degree of preceding 
glandular hyperplasia and on the duration of the colloid stage, there are 
more or less numerous sprigs of acinar epithelium jutting into the 
lumina of the acini, which are the remnants of the invaginations and 
plications of the epithelium during the hyperplastic stage. As may be 
inferred from Figure 2, there are stages in the process of reversion when 
it would be impossible to decide whether the histologic changes are to 
be considered progressive or reversive; hence, there is some difficulty of 
determining even histologically whether a given specimen ought to be 
considered with the colloids or with the hyperplasias. 

Only glands conforming to the above anatomic description were con- 
sidered as colloid in the analytical tables—the glands to which double 
references were made being classed in the intermediate group. There 
were eight cases (A-13, 25, 43, 48, 78, 80, 86, 90)—two females and six 
males. Relative to the state of nutrition, five were good or above and 
three were fair. It is significant that all cases occurred in middle-aged 
or old dogs. Our general impression is that in the dog sex has little or 
no influence on the structure of the thyroid (Fig. 3). 

Group 3. Glandular Hyperplasias—This group includes the most 
important thyroid changes, and it is with these changes in particular 
that this paper has to deal. Their greatest importance lies in the fact 
that they represent the primary changes** in the formation of all true 
goiters (functional hyperplasias), and hence must receive primary con- 
sideration in all inquiries into the nature of goiter. As pointed out 
above, there are all grades of these changes, from the normal gland to 
the most marked hyperplastic stage where there is scarcely any resem- 
blance to thyroid at all. For this reason we have arbitrarily made three 
subgroups for analytical purposes. These groups are: 

Scperoup 1. Early Glandular Hyperplasias.—This division com- 
prises those glands which are but slightly removed from the normal. 
Several of the glands closely related to this subgroup are connected by 
double reference with the normal glands and included in the interme- 
diate group of “normal X early.” ‘This is due to the fact that the 
changes are so slight that with fairness they must be considered doubly 
or not at all. These glands are not included in the primary analytical 
tables. 

A typical example may be described briefly as follows: The gross 
appearance is nearly normal. The gland may perhaps be slightly en- 


22. Virchow, Die Krankhaften Geschiilste, iii, 4 et seq. 
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larged or of a pinkish hue if compared with a normal gland. The 
tissue is firm to the touch and on section colloid is visible. Microscopic- 
ally, the acini are small, generally circular and regular. The colloid 
appears normal or nearly so as to staining reaction, but after some 
experience one can distinguish a slight vacuolization or at least a less- 
ened staining intensity. The epithelium is regular and of a high cubical 
or low columnar type. There are here and there the very beginnings of 
invaginations and plications of the lining epithelium. The nuclei are 
slightly enlarged and darkly staining, but distinctly vesicular. There 
is no demonstrable increase in the stroma, but the vessels, particularly 
the finer ramifications, appear distinctly dilated. All glands conforming 
to this description are considered in this subgroup (Fig. 4). In our 
series there were nine cases—foue females and five males (A- 39, 40, 
57, 62, 65, 84, 88, 92, 103). All were considered to be in the middle 
period of life and in all the general nutrition was good. As to breed 
there is nothing of importance, 

Supcrour 2. Moderate Glandular Hyperplasias.—This division like- 
wise offers difficulties and opportunities for error when the attempt is 
made to bring into a single group. Hence many closely related glands 
are connected by double references with either colloids or early or marked 
glandular hyperplasias. The reason why some are connected by double 
reference with colloids is that occasionally one finds glands which appear 
to be reverting from a marked degree of hyperplasia, but at the time of 
taking were histologically much like moderate hyperplasias. Only un- 
doubted cases were, however, included in the tables for chemical analy- 
Sis. 

Briefly, the anatomic appearances of a typical case are: The gland 
is moderately enlarged, the vessels are distinctly enlarged and somewhat 
tortuous, the capsule is thickened and the gland tissue is moderately 
soft and reddish in color. There may be visible colloid. Microscopic- 
ally, the colloid is reduced, vacuolated, palely staining and granular, 
The acini are distorted by moderate ingrowths and plications of the 
epithelium, The acinar epithelium is high columnar in type, regular and 
arranged in a single layer. The nuclei are large, round, basal and vesicu- 
lar. The stroma is slightly but diffusely increased and supports a rich 
network of dilated and enlarged blood vessels (Fig. 5). In our series 
there were nine cases (A-3, 6, 21, 34, 35, 60, 70, 76, 78)—eight males 
and one female. It is of interest to note that only three were consid- 
ered in a good state of general nutrition. As to age and breed there is 


again nothing of significance. 


| 
Fig, 3.—Colloid gland (goiter), dog 
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Suscroue 3. Marked Glandular Hyperplasias—Glands this 
stage of hyperplasia are more easily referred to an arbitrary subgroup 
for the reason that only the subgroup of moderate hyperplasias is to be 
differentiated, but here, too, an intermediate group is necessary. 

The anatomic appearances of a typical example are as follows: The 
gland generally is considerably enlarged, but, as pointed out above, there 
may be very marked histologic changes without corresponding changes 
in the gross appearance. The capsule is thick and the vessels are much 
enlarged and tortuous. The lymphatic trunks are large, and, if exposed 
during life, are distended with a clear lvmph-like fluid. On section the 
tissue is very vascular. It has a fleshy, opaque, gray-red appearance 
and a finely granular cut surface. There is no visible colloid. Micro- 
scopically, the stainable colloid is greatly reduced or absent, there being 
in its place only a small amount of pink staining granular material. 
The acini show extensive papillomatous ingrowths and plications of 
their lining epithelium, more or less effacing the acinar lumina. The 
epithelium is high columnar in type and arranged in a single layer. 
The epithelial nuclei are large, pale, round and basal. The cytoplasm is 
quite granular. The stroma is diffusely increased and is richly supplied 
with blood and lymph channels. There are also occasional collections 
of lymphoid cells in the stroma (Fig. 6). Only specimens conforming 
to the above description are considered in the analytical tables of this 
subgroup. In our series there are eighteen cases (A-2, 4, 10, 14, 15, 19, 
23, 24, 28, 29, 41, 46, 47, 54, 67, 79, 99, 102)—ten males and eight 
females. As regards the state of nutrition, eight were classed as fair and 


ten as good. Relative to age the majority were young. 


GENERAL CONSIDERATIONS OF SEX, AGE, BREED AND STATE OF NUTRITION 
AS AFFECTING THE STRUCTURE OF THE THYROID. 

(a) Ser.—In this series there were forty-five females and fifty-eight 
males. (The remaining ten in the table were selected.) Sex does not 
appear to be a factor of noteworthy importance in the occurrence of 
thyroid changes in the dog; at least in the 103 cases included in this 
study no such relationship could be made out. From an experience with 
over 600 dogs our general impression is the same. This is quite different 
from the condition which obtains in man, and suggests that sexual states 
modify but slightly the activity of the thyroid of dogs as compared 
with man. Pregnancy, however, does induce hyperplasic changes similar 
to those occurring in man. 


(b) Age.—Age is of more importance than is indicated in this series 
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for the reason that practically all the cases were from adult animals. 
From a series of over 600 dogs we have found that puppies are much 
more frequently affected, and, as a rule, the hyperplasia begins before 
the sixth month of extrauterine life. Authors generally are agreed that 
youth is the most important period in the human hyperplasias as well. 
Age is also a notable factor in the chemistry, as will be pointed out later. 
Age does not bear any important relation to normal glands. Colloid 
glands, however, are commoner in middle aged or old dogs without rela- 
tion to sex. This conforms with the view that colloid glands (goiters) 
are reversions from hyperplasias. 

(c) Breed in our laboratory class of dogs is an uncertain factor. 
Some authors think that, clinically, goiter is commoner in spaniels, but 
in our experience (using the histologic standard) we are unable to as- 
cribe any importance to breed. 

(d) The state of nutrition seems to be a factor of considerable im- 
portance both as a cause for and as an effect of the thyroid changes. All 
dogs with normal, colloid or early hyperplastic glands were found to be 
in a condition above fair,** while in the moderate and marked hyper- 
plasias thirteen out of twenty-six were below this standard. Since fat 
is an apparent rather than a real index of nutrition, and since it is 
highly probable that goiter is a nutritional disturbance, it is also 
probable that great exceptions or variations will be noticed by the use 
of such a crude index, which, however, might be rationally explained if 
our knowledge of nutrition were more thorough. 


CHEMICAL CONSIDERATIONS; I0DIN DETERMINATIONS. 

(1) The method used in all the determinations of the amount of 
iodin present in the glands and tissues investigated was based on that 
originally described by Rabourdin** and extensively used by Baumann 
and Roos** in their thyroid work. The basis of the method is the fact 
that the amount of iodin dissolved in chloroform can be determined 
by the depth of the pinkish tinge which it gives to the solution. Briefly, 
the method consisted in incinerating the tissue in a silver dish in the 
presence of an alkali and potassium nitrate, and after dissolving in 
water the iodin was liberated by acidulating with sulphuric acid; it was 
then shaken out with chloroform. In another flask a known amount of 
iodin was added to chloroform until the tint was the same as that in the 
first flask. 


22. We have used in all of our work the following terms, poor, moderate, fair, 
good, excellent, using as the index the visible fat noted at autopsy. 

23. Lieb. Ann., 76, S. 375, 

24. Ztsehr. f. physiol, Chem., Strassb., 1896, xxi, 481. 
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Baumann** asserted that the method was not very accurate, and 
Oswald* found that amounts under 0.3 mg. of iodin could not be de- 
tected when the material was incinerated in a silver dish by this method. 
He substituted a nickel dish and found that from 0.1 mg. of iodin he 
could recover 0.08 mg., while with larger amounts the percentage of loss 
was much less. These workers also found that the iodin-chloroform 
solution soon faded, and if the determination was not made quickly the 
result was very inaccurate and unsatisfactory. To overcome this disad- 
vantage Anten** used carbon disulphid instead of chloroform, and found 
that the color was much more permanent. 

Our method embraces these modifications, and was carried out as 
follows: 

The fresh tissue is weighed and is then cut into small pieces and 
dried to an approximately constant weight at 110 C. The dried gland 
is powdered and 1 gm. is taken for the iodin determination. 

In a nickel evaporating dish 2 gm. of pure potassium hydroxid are 
dissolved in 5-10 c.c. of distilled water, and to this the 1 gm. of pow- 
dered gland is added. This is slowly evaporated to dryness, then car- 
bonized, and on the addition of potassium nitrate the mass is reduced 
to a clear flux, care being taken not to add an excess of the nitrate. 
After cooling, the flux is dissolved in 50 ¢.c. of distilled water and fil- 
tered. The filter is washed with distilled water until it no longer gives 
a precipitate with silver nitrate. To the filtrate is added 10 c.c. carbon 
disulphid, 3 ¢.c. of 10 per cent. sulphuric acid, and 2 ¢.c. concentrated 
sulphuric acid, saturated with nitrous acid. While adding the acids 
the flask is well shaken, and if iodin is present the carbon disulphid takes 
on a reddish-violet tinge. 

Into another flask saturated sodium sulphate solution is poured until 
it is approximately equal in amount to the liquid in the first flask. To 
this is added 10 e.c. carbon disulphid, 3 e.c. of 10 per cent. sulphuric 
acid, and 2 ¢.c. concentrated sulphuric acid, saturated with nitrous acid. 
From a burette a potassium iodid solution containing 0.1538 mg. iodin 
per cubic centimeter (0.20 gm. exsiccated KI to 1 L, distilled water) 
is run in until the color of the carbon disulphid is the same as that in 
the other flask. Reading off the amount of potassium iodid solution 
used, it is a simple matter to determine the amount of iodin in the orig- 
inal solution. 

25. Ztschr. f. physiol. Chem., 1896-7, xxii, 265, 
26. Ztschr. f. physiol. Chem., Strassb., 1897, xxiii, 265. 
27. Arch, f. exper. Path, u. Pharmakol., 1902, xIviii, 331. 
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The flasks used for the colorimetric method are similar to those de- 
scribed by Howald,** and have a capacity of 500 c.c. with the neck drawn 
out into a tube about 15 em. long and 1.5 em. in diameter and are glass 
stoppered. 

Another method which was used as a control in fifteen determina- 
tions is that described by Fresenius.*® The gland is treated exactly as 
has been described for the colorimetric method, and the liberated iodin 
is dissolved in carbon disulphid. This is then decolorized by adding from 
a burette a standardized solution of sodium thiosulphate, and the iodin 
determined by the amount of the thiosulphate solution used. 

In comparing the results obtained by the two methods there occurred 
in one case a difference of 0.1 mg. of iodin, but, as a rule, the differences 
were well below this figure. 

To determine whether preserved glands could be used for these de- 
terminations, parts of six glands were hardened in a 4 per cent. solution 
of formaldehyd in distilled water and then the iodin content was com- 
pared with that of a part of the gland treated in the usual manner. 
Three of the formaldehyd specimens had a slightly higher amount of 
iodin than the controls, but the difference between the average of those 
above and those below the mean was only 0.009 mg. iodin. It is, there- 
fore, quite justifiable to use specimens preserved by formaldehyd. 

(2) Analysis of the Iodin Determinations. Todin determinations 
were made on 113 dogs’ thyroids. The primary tables were made from 
the pure anatomic groups and subgroups, and hence include only the 
67 cases there considered. This was done in the attempt to exclude all 
known conditions which might artificially modify the iodin content, and 
further, in order that the results might be taken to indicate the normal 
street condition. Many of the remaining 46 determinations will be util- 
ized in the intermediate groups of Table 5 and in the analyses of the 
separate groups to show that the chemical conditions correspond with 
the anatomic relations. The remaining cases will be discussed under 
experimental observations. 

(a) Beginning with Table 1 the following features are noted: 

Excluding the colloid glands (goiters), it is found that the average 
amount of thyroid per kg. of body weight is practicallw the same (0.36 
and 0.30 gm.) for the normals and early glandular hyperplasias, and 
that the moderate and marked hyperplasias show a progressive increase 


28. Ztschr. f. physiol. Chem., 1897, xxiii, 212. 
29. Traité d’'analyse chemique, 6th ed., p. 406. 


Fig. 5.—Moderate glandular hyperplasia, dog. 


Fig. 6.—Marked glandular hyperplasia, dog. 
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Weight of Dog. Ex- 
pressed In Kg. 


Weight of Thyroid Ex- 
pressed in gm. 


eee 


M. A. 
6.3 
5.9 5.6 
4.7 
13.6 
9.1 9.1 
5.4 
15. 
8.2 9.3 
5. 
15.9 
8.2 8.56 
5. 
34.5 
7.2 10. 
2.5 


*E = extremes; M = mean; A = average. 
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(0.92 and 2.54 gm. respectively). The colloids are intermediate between 
the moderate and marked hyperplasias (1.07 gm). It is also interest- 
ing to note, as pointed out by Oswald,*° that the hyperplasias are re- 
duced more in weight during the process of drying, i. e., contain a larger 
percentage of water than either the normals or colloids. 


TABLE 2.—Jodin Content of Thyroid; expressed in Milligrams. 


. Per Kilogram of | Per Gram of Per Gram of 
Total Iodin. Body Weight. | Fresh Thyroid. Dried Thyroid. 
Character 
of Gland, | 
z| M A A | M A E | M 
| 
1.891 0.32 1.064 | 4.772 
Normal.. .| 3 | 0.294 0.256 0.757 | 0.777 | 3.205 | 3.322 
| 
| 0.984 0.156 0.512 | 1.990 
| 6.675 | 1 236 1.039 | 3.608 
| 
Colloid... .| 8 | 3.013 | 3.232 | 0.359 0.402 | | 0.406 0.459 1.816 1.985 
| 0.415 | 0.069 0.132 0.846 
| 
| | 
| | o.see 0.084 0.235 1.028 
Early... .| 9| 0.400 | 0.443 0.083 0.044 0.133 | 0.139 0.654 | 0.625 
| 0.012 0 063 0.243 
| 
| 1.679 0.173 0.137 0.854 
Moderate ..| 9 | | 0.399 | 0.539 0.061 0.089 0.076 | 0.078 0.345 | 0.368 
| | 0.061 | 0.006 0.026 0.101 
| | 
1.480 0.242 0.128 0.640 
| 
Marked. . . | 18 0.092 | 0.208 0.020 | 0.039 0.014 | 0.023 0.073 0.114 
j 
| 0.013 0.002 0.002 0.008 


(b) In Table 2 the following points are brought out: 

That the colloid glands (goiters) contain the most iodin—over twice 
as much as the normal glands—and that the hyperplasias show a de- 
creasing amount, being least in the marked glandular hyperplasias, in 
spite of the fact that these glands show a progressive increase in weight, 
as shown in Table 1. As also noted in Table 1, the colloid glands 
(goiters) average more than four times the weight of the normal glands, 
and this accounts for the large amount of total iodin. But considering 
the amount of iodin per gm. of fresh thyroid, it is seen that the normal 
glands contain about 0.8 mg. per gm. and that there is a progressive de- 


30. Ztsehr. f. physiol. Chem., 1897, xxiii, 272. 
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crease reaching the minimum of 0.023 mg. per gm. in the marked hyper- 
plasias. 

There being but three normal glands included in this series, it is 
not justifiable to consider the base line as very definitely established, 
but the extremes being reasonably close together, it is probably not very 
incorrect. 

Among the colloid glands (goiters) great variations are noted in the 
iodin content, due possibly to the strict histologic basis of classification 
TABLE 3.—Percentage of Iodin. 


Per Body Per Fresh | Per Dried 
Weight.! Thyroid. | hyroid.- 
Character of Gland. 


| 
a EM A 
| 32 106 477 
Normal... . . 3 | 20 25 76 77 317 331 
| 45 51 199 
| 123 104 332 
| 13 M 
| 8 | | 23 102 
| 
| 4 6 24 
14 85 
Moderate... . 6 6 | 8 
0.7 3 | 10 
| 4 12 64 
| | 
Marked... . . 18 | 3.8 2] 
| 02 0.2 | os 


1 = mgm. per kg. 2 = mgm. per gm. 


(being irrespective of the size of the gland), and also to the possibility 
of the gland having just begun to undergo secondary hyperplasias (too 
early to be detected by any microscopic difference), in which case the 
iodin content is relatively low. 


31. That is, all glands are considered as colloids if there is any histologic evi- 
dence that they had ever undergone any degree of hyperplasia no matter how 
slight. This classification would, therefore, be only of scientific value for the 
purpose of preserving uniformity. 
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(c) The percentage of iodin, compared with the body weight, is about 
15 per cent. greater in the colloid than in the normal glands, whereas 
the hyperplasias contain about 20 per cent. less than the normal glands. 
Here, also, there is a tendency toward a progressive diminution of 
iodin depending on the degree of hyperplasia. A notable exception, 
however, is the group of moderate glandular hyperplasias, which con- 
tain a larger percentage of iodin than the early hyperplasias, and, as 
before stated, this can probably be accounted for by the difficulty of de- 
termining whether a gland is reverting to a colloid—when the iodin con- 
tent is higher or developing a hyperplasia from a colloid base, in which 
case the iodin content is lower, 

The percentage of iodin per gm. of fresh thyroid shows a progressive 
decrease from the normal glands through the colloids to the marked 
glandular hyperplasias. 

Comparing the percentage of iodin in the normal glands with that 
in the colloid glands, it is seen that in the normal glands it is less per 
kg. of body weight and therefore absolutely less, while per gm. of thyroid 
it is much greater, showing that the colloid glands possess absolutely 
more iodin, although they are relatively poorer, 

(d) Table 4 takes into account the extremes noted in Table 2 and is 
so arranged that each group is divided into those above and those below 
the average of the preceding group. As is to be expected, partly from 
reasons already given, the colloid glands (goiters) show the greatest 
extremes, but by comparing the iedin content of the glands above with 
that of the glands below the average content of the group preceding 
(normal), it is found that 75 per cent. have a greater absolute amount 
of iodin, but when the iodin is calculated per gm. of fresh thyroid, 89 
per cent. fall below the average preceding (normal) content. All the 
early hyperplasias show a decrease below the colloid averages in total 
iodin and in iodin per gm. of fresh thyroid. 

Allusion has been made to the difficulties encountered in grouping 
the moderate hyperplasias. The average of the total iodin in the nine 
cases of moderate hyperplasia shows 56 per cent. to be below the average 
for the preceding (early hyperplasias) group and all to be below when 
the iodin is caleulated per gm. of fresh thyroid. Among the marked 
hyperplasias 78 per cent. are below the average total iodin content of 
the moderate hyperplasias and 95 per cent. below when calculated per 
gm. of fresh thyroid. 

Considering all the groups, the extremes bear out the conclusions 
deduced from the means (Table 2), namely: that there is a progressive 
decrease in the iodin content per gm. of fresh thyroid from the normal 


glands through the hyperplasias. 


Character | 


o 
Gland. 


TABLE 4.—Analysis of Extremes in Iodin Content noted in Table 2. 


Total Iodin. 


lodin per Ke. of 
Body Weight. 
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Fresh Thyroid. 
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lodin per Gm. of 


Dried Thyroid. 


* Figures indicate the number of glands. 


| M A E M A i M 
0.320 1.064 
Normal... | 1.384 1.419 0.24 0.2565 0.757 
0.156 0.512 
6 5 1 
Above | 6 | 1.236 
preced 
ing 4.000 | 4.059 0.397 0.585 | 1.089 
Aver- | 
age 0.351 
Colloid . . 3 lq 
0.128 0.565 
Below.. 0.753 0.093 0.097 0.389 
0.08 0.132 
Above... | oO | 0 0 
Early. 9 
0.084 0 235 
Below.. 0.400 | 0.448 0.088 0.044 0.133 
0.012 0.063 
| 5 
0.173 
| 
Above.. | 0.796 0.969 0.115 0.111 0 
| 0.061 
Moderate. 4 9 
39 | 0.039 0.137 
Below. 0.123 0.195 0.013 0.018 0.076 
| 0.008 0.026 | 
| 3 1 
0.242 
Above.. 0.818 0.920 0.135 0.156 0.123 
0.0u1 
Marked. . | 18 15 
0 035 0.042 
| Below.. 0.080 0.114 0.014 0.016 
| 0.002 0 002 


0.014 0.016 | 


3.205 


| 0.854 


0.318 


| 0.640 


| 
| 0.060 


= 
— | 
A E M/A 
| 
4.772 | 
0.777 322 
1.90 
1 
3.608 
3.261 
0.377 | | 1.755 
0.846 
0 
1.028 
0.139 (0 625 
0.243 : 
1 
= 
0.519 
0.078 (0 308 
0.101 
| 
| 
0.184 
0.083 
| 
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TABLE 5.—Average Iodin Content of Pure and Intermediate Groups, 
Arranged in Anatomic Order. 


Iodin per lodinper | Iodinper | Fresh 


kg. of gm. o em.of | Thyroid 
Character of Glands. so Body Fresh | _ Dried per kg. of 
z Weight. | Thyroid. | Thyroid. Body 
Weight. 
3 0.256 0.777 | 3.322 | 27 
Normals X colloids (intermediate). ...| 1 0.218 0.480 | 2.480 0.46 
Normals X early (intermediate)... . . 7 0.054 0.173 | 0.27 
Colloid X early (intermediate)... .... 4 0.181 0.217 | O79 
ce 9 0.04 0.139 0.624 0.30 
Early X moderate (intermediate... .. . 1 ? 0.082 0 262 ? 
0.069 0.078 | 0.368 0.65 
Moderate X marked (intermediate)... . 9 | 0.096 0.055 0.283 1.52 
eee 0.039 0.023 0.14 114 


(e) This table includes, besides the cases belonging to the pure histo- 
logic groups, those which are intermediate or which possess characters 
common to two groups, and excludes all cases which are complicated with 
neoplasm, hemorrhage, cystic changes, ete., and those operated upon or 
having received iodin in the laboratory or elsewhere. 

It is compiled from averages only, and shows that the intermediate 
groups have iodin contents which fall between the iodin contents of the 
groups to which they are connected by double references. This table ac- 
centuates the fact brought out in Table 2 that the iodin per gm. of 
thyroid shows a progressive decrease from the normal glands through 
colloids to the hyperplasias, including the intermediate cases with double 
references. 

(f) Analyses of the individual cases of separate groups. It will 
be noted that the extremes in the iodin content within the separate 
groups show such marked differences that it seemed unsafe to base con- 
clusions solely on the averages. We compared, therefore, the iodin con- 
tent with the anatomic changes of the individual members of each group. 

Normal Glands.—The normal glands do not show very marked ex- 
tremes, but as but three glands were considered, it is possible that a 
larger number might have shown greater variations. It is of interest, 
however, to note that in these cases the amount of iodin per gm. of thy- 
roid varied inversely with the amount of iodin per kg. of body weight. 
An explanation of this fact might be that while the normal glands tend 
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to a more or less constant amount of iodin per gm. of thyroid, this con- 
stancy is not absolute, and when there is a greater quantity of thyroid 
tissue in one case the percentage of iodin will be less than in another 
case having less thyroid tissue. 

As will be shown in the other groups, there seem to be comparatively 
wide limits in the iodin content between which there are no demonstrable 
histologic changes. On the other hand, there seems to be a fairly definite 
minimal amount of iodin per gm. of thyroid necessary for the main- 
tenance of the normal histological appearance of the epithelium. If the 
iodin content falls below this minimal amount, hyperplastic changes in 
the gland follow. This minimal iodin content per gm. of thyroid is 
practically the same for the colloid and the normal glands as is shown in 
Table 5. In this table it is seen that hyperplastic changes have started 
when the iodin content falls below 0.173 mg. per gm. of fresh thyroid 
in the normal glands and to 0.217 mg. in the colloid glands. 

Colloid Glands (goiters).—In the glands comprising this group there 
is, in general, an increase in the amount of iodin per gm. of thyroid 
associated with flattening of the epithelial cells and a decrease in the 
iodin in those glands having more cubical epithelial cells. As regards 
the relation between the amount of thyroid per kg. of body weight and 
the histologic changes—the smaller glands show evidence of epithelial 
activity (hyperplasia), while the larger glands show no such activity 
(cells very flat cubical). 

Examining the cases further, it is found that six of the eight glands 
show that the increase in the amount of iodin per gm. of thyroid is 
coincident with a decrease in the amount of thyroid per kg. of body 
weight; in other words, the percentage of iodin is inversely propor- 
tional to the amount of thyroid, but since the amount of thyroid is very 
greatly increased, the total amount of iodin is also much increased, not- 
withstanding the fact that the colloid is relatively poorer in iodin than 
is normal colloid. This inverse proportion of iodin to the amount of 
thyroid agrees with that already noted in the normal glands, and our 


explanation is the same. 

We have already pointed out that the colloid gland is as nearly 
normal as a gland can become after once having undergone a hyperplastic 
change, and it is of particular interest that the chemical findings should 
sustain this opinion which was based primarily on the histology, but 
which is now supplemented by the biologie facts that partial removal of 
colloids is followed by compensatory hyperplasia of the remaining por- 
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tion, and also, as shown by Baumann* for the normal glands, that 
compensatory hypertrophy occurs when iodin is restricted in the diet. 

Oswald has shown that in man and calves the iodin content in gen- 
eral varies with the amount of colloid in the gland, and also that in 
colloid goiters the percentage of iodin is decreased as compared with 
normal colloid. Our results with dog’s colloid goiters agree with his 
findings. 

Analyzing the glands still further, it is seen that, notwithstanding 
the comparatively low percentage of iodin in the colloid glands, the 
amount is always larger than that in colloids beginning to undergo hyper- 
plasia. It seems probable that before a glandular hyperplasia can revert 
to a colloid, a necessary minimal amount of iodin must be present. 
Further, that reversion having once begun, the colloid accumulates more 
rapidly than iodin can be accumulated in the colloid (in the presence of a 
limited supply of iodin) without interfering with the physiologic require- 
ments of the body at large, and, therefore, we have a colloid which is 
relatively poor in iodin as compared with normal colloid, although the 
absolute amount of iodin in the whole gland may be and is much greater 
than in a normal gland, and is, if our interpretation be correct, necessarily 
greater than the normal physiologic needs of the organism. But in the 
presence of a large excess of iodin the colloid of a reverting hyperplastic 
gland is capable of assimilating as much iodin as normal colloid. In 
other words, a certain amount of iodin is necessary before reversion can 
eceur at all. If this supply of iedin be only slightly in excess of the 
physiologic needs, then the large amount of colloid which is formed will 
be relatively poor in iodin, although the total iodin in the gland may 
be and is actually greater than that present in a normal gland. If, on 
the other hand, the gland reverts in the presence of a larger excess of 
iodin, the colloid which is formed will be rich in iodin, approaching 
or equalling the iodin content of the colloid of normal glands. 

“Colloid X Early” Glandular Hyperplasia.—This group shows that 
the amount of colloid in the gland decreases as the amount of iodin in- 
creases; that the colloid decreases as the gland becomes smaller, and 
that the iodin per gm. of fresh thyroid decreases as the gland beccmes 
larger. These conclusions hold good for three out of four glands—the 
fourth gland was reverting from a marked hyperplasia, while the others 
were in the early stage of secondary hyperplasia engrafted on colloid 


hase 


32. Ztschr. f. physiol. Chem., 1896-7, xxii, 14. 
33. Ztschr. f. physiol. Chem., 1897, xxiii, 265. 
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“Normal X Early” Glandular Hyperplasia this group, roughly 
speaking, the amount of iodin per gm. of fresh thyroid decreases as the 
amount of thyroid per kg. of body weight increases. Moreover, the 
amount of colloid decreases as the amount of thyroid per kg. of body 
weight increases, and, finally, in two-thirds of the glands the amount ot 
iodin decreases as the colloid decreases. Altogether the results are 
neither striking nor conclusive. 

Early Glandular Hyperplasias.—The amount of iodin per gm. of 
fresh thyroid decreases as the amount of thyroid per kg. of body weight 
increases. There is no apparent relation between the amount of iodin 
and the amount of colloid present in the gland, nor does the degree of 
hyperplasia bear any marked relationship to any of the other factors. 
The amount of thyroid per kg. of body weight varies inversely with the 
amount of colloid in a fairly constant manner—the only striking excep- 
tion—A-103—approaches histologically the next group. 

Moderate Glandular Hyperplasias—With the exception of three 
glands, the amount of iodin per gm. of fresh thyroid varies directly with 
the amount of thyroid per kg. of body weight. Two of the three excep- 
tions have such an unusually large amount of thyroid per kg. of body 
weight that they suggest some other pathological changes. Roughly speak- 
ing, the amount of iodin increases as the amount of colloid increases. 
No relation seems to exist between the amount of colloid and the amount 
of thyroid per kg. of body weight. The epithelial differences are not 
sufficiently characteristic to permit drawing any conclusions, 

“Moderate X Marked” Glandular Hyperplasia—In seven out of the 
nine glands the iodin tends to vary inversely with the amount of thyroid 
per kg. of body weight. Also the colloid tends to vary inversely between 
the amount of colloid and the amount of thyroid per kg. of body weight. 

Marked Glandular Hyperplasias.—I\n general the amount of thyroid 
per kg. of body weight tends to vary inversely with the amount of iodin. 
but to this there are some exceptions. There seems to be no relation be- 
tween the iodin content and the amount of colloid, though the amount 
of visible colloid is so small that accurate estimations are impossible, 
The amount of colloid tends to run parallel with the amount of thyroid 
per kg. of body weight, but with rather numerous exceptions. 

Summary of the Relation of the lodin Content, Size of Thyroid, and 
Quantity of Colloid. 

In Table 6 the amotint of iedin is found to vary inversely with the 
amount of thyroid per kg. of body weight, and the amount of ioedin in 


the colloid varies inversely in the normal and colloid glands. In the 
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TABLE 6.—A. Based on the Averages from Table 5. 


Colloid to Thyroid 
per Kg. © 
Body Weight. 


lodin to Thyroid 
Character of Glands. | per kg. of 


Iodin to Colloid. 
*Body Weight. 


} 
| 
| 


(1) Normals and colloids .| Inverse... .... 


2) From normals through y 


B. Based on the analyses of the individual glands of the separate groups and intermediates, 
as described in the preceding section, 


lodin to Thyroid Colloid to Thyroid 
Character of Glands, per kg. of Iodin to Colloid. per kg. of 
Body Weight. Body Weight. 
(3) Normal X early. . . .| Inverse..... ..| Direct....... Inverse... . 
(5) Moderate... ...... | Disect Direct. .... . .| No relation . . 
(6) Moderate X marked. Inverse....... Inverse (7)...... No relation... ... 


hyperplasias the amount of iodin also varies inversely with the amount 
of thyroid per kg. of body weight, but the amount of iodin in the col- 
loid varies directly with the colloid. In the normal glands and in the 
colloids the amount of colloid in 1 gm. of fresh thyroid compared with 
the amount of thyroid per body weight seems to vary directly, while in 
the hyperplasias it varies inversely. 

Comparing these conclusions with those of the analyses of the indi- 
vidual glands of the separate groups, a general agreement is found; 
that is, these changes are evident not only when whole groups are com- 
pared, but when the gradations of the individual members of the groups 
are compared. The agreement is not, however, absolute in detail. From 
Table 6-B it will be seen that the results in the separate groups agree 
with those of the averages in eight instances and are contrary in three. 
Similarly, within each group, individual exceptions are noted. It ap- 
pears evident, therefore, that other factors than iodin are concerned 
which are not taken into account in our observations. In some of the 
cases at least the factors were plainly accidental, such as hemorrhage, 
cysts, ete. 


DAVID MARINE—W., W. WILLIAMS. 371 


However, the very striking fact that the same general laws hold good 
for the individual cases as well as for the whole group proves that iodin 
is the predominant objective factor. 

(3) Effects of Weight, Age, Sex, Nutrition and Breed on the Iodin 
Content.—(a). The amount of normal thyroid per kg. of body weight 
is about 0.35 gm., while in our groups it averaged 1.07 for the colloids, 
0.30 gm. for the early glandulars, 0.92 gm. for the moderates, and 2.34 
for the marked glandular hyperplasias. 

(b) Age in relation to iodin content. Thirteen of the sixty-seven 
glands used in the tables were from dogs under 6 months of age, and 
show a distinctly low percentage of iodin. In this connection it might 
be recalled that Baumann found that children at birth rarely had any 
iodin in the thyroids and that with years the quantity progressively in- 
creased, being greatest between the ages of 25 and 45 and diminishing 
again in old age. Six glands in our series were marked “old,” but show 
no definite change. 

(4) Nutrition is probably of more importance than is here indicated, 
since practically all dogs were in good health. As a rule, the very marked 
cases of glandular hyperplasia occur in the young and are associated with 
a greatly reduced iodin content or none at all. 

(5) Breed is an indeterminable factor in our cases. 

(6) Intercurrent factors. Two pregnant bitches were included in 
our series; these showed no definite change in iodin content. 


EXPERIMENTAL OBSERVATIONS. 

(1) Effect of Feeding lodin Containing Substances (Table 7).—In 
the six cases one lobe was removed as a control, and then different iodin- 
containing substances were administered in known quantities to ascer- 
tain the rapidity of assimilation and the amount stored, as well as to 
determine what changes occurred in the histologic structure of the gland 
and the rapidity of these changes. The iodin was administered in the 
following forms: Saturated alcoholic solution of iodin; syrup of the 
iodid of iron; desiccated thyroids (commercial); fresh sheep thyroids 
(all degrees of glandular hyperplasia) ; full mixed diet (constant factor 
in all). 

As regards the changes in the size of the gland, all the hyperplastic 
glands show a remarkable reduction in the weight of the remaining lobe, 
which conforms with the vast clinical observations on man and animals; 
and, within limits, this occurs without apparent relation to the forms 
in which the iodin is administered. On the other hand, the normal and 
colloid glands show no diminution in size. 


‘ 
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TABLE 7.—Experiment al — lodin Feeding. 


= = . =. 
x & “= E> ES 
= =_; >| te] | cs. 
= | | . iz | Remark 
= | | | zz = | | 
| 
| 24 0.24 | 0.08 | Normal ..| 0.092 0.038 0.380/2.3 I att. sat. alec. sol. iodin 
| | in 13 days; 27 days be- 
26b 4.0 | 0.305) 0.06 | Normal. .| 0.215 0.053 0.705 | 3.467 |] fore death. 
Sia | 3.2 | 22.1 | 4.47 | Colloid... 3.16- | 0.987 9.138 | 0.707 65-er. thyroid tablets in 
3 days; 2 days before 
Sib | 3.0 | 23.1 | 5.85 | Colloid... .| 5.669 1.889 0.245 | 0.989 death. 


65 3-gr- thyroid tablets in 
13 days; 14 days before 
death. 


Ita 5.0 4.15 0714 | Moderate .| 0.061 0.012 0.014 | 0.086 
0 


61 Colloid, . 1,061 0.331 | 0.393 | 1.739 


345 ems. fresh sheep thy- 


| 

ISa | 5.4 7.5 1.63 | Moderate .| 0.425 | 0.076 | 0.056 | 0.261 
| roid in 10 days; 5 days 

| 

| 


18b | 3.18 | 4.75 1.25 | Colloid. | 6018 1.889 1.265 | 4.184 before death. 
- » | *Moderate on | 
58a | 2.7 36 | 0.52 : 0.215 0.079 0.057 | 0.412 15 gtt. sat. ale. sol. iodin 
Marked ‘ e, in 3 weeks; 2 days be- 

S2b | 2.8 2.0 051 | Colloid. 163 0563 0.815 3.196 fore death. 

| *Moderate | |) 7 att. sat. ale. sol. iodin 
55a 7.27 | 72.0 13.15 Marked, 0.61 0.083 | 0.008 | 0.054 | in 7 days; t day before 
| 6.36) 57.2 | 11.97 | Moderate .| 16.746 2.633 | | 1.00 died suddenly 


* Moderate marked glandular hyperplasia. 

+ lodin is expressed in milligrams, 

The histologic changes in all the hyperplastic glands show a return 
to the colloid type. In our experience this reversion takes place in about 
two or three weeks, when there is an excess of iodin present. None of 
the cases, including the normal glands, show any hyperplasic changes 
even though the period of forty days, which Halsted advised to allow 
for the occurrence of hyperplasia, was permitted to elapse. 

The total iodin in the control thyroid was invariably much less than 
the total iodin in the lobe removed after feeding iodin. The amount of 
iodin assimilated does not seem to be so much dependent on the form 
in which it is administered as on the amount of glandular tissue present. 

It is interesting to note that the iodin content of the colloid of nor- 
mal glands can be much increased, and also that the colloid from colloid 
goiters can have its iodin content increased to the same extent. In one 
deg (A-17), not included in the table, one thyroid lobe was removed dur- 
ing pregnancy. It weighed 0.7 gm. and histologically showed early 
hyperplasia. The remaining lobe was removed at the end of pregnancy, 
the dog having received 0.2 gm. of iodin. The lobe weighed 0.65 gm., 
and histologically was a pure colloid. The iodin in this gland per gm. 
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| 
| | lodin lodin 
Weight Weight | Iodin perGm.. per Gm. 
No. of | Weight | of o Character Total | per Ke o of 
Dog. o Fresh Dried o ma. of Fresh Dried 
Dog Thy Thy Gland, lodin. Body Thy- hy- 
| | roid, roid, Weight. roid, roid. 
| | 
1.85 | 0.25 0.07 Normal. 0 062 0.033 0.248 0 S86 
1.53 0.15 0.025 Early. 0.058 004 0.253 1 520 
| 27 | Colloid. 1249 | 0331 0.298 1.246 
63b 127 | 14.0 4.03 Colloid. 1.302 0.102 0.092 0 323 
| | 
| 5.9 | 5.1 Colloid, 1 284 0 218 0251 1 076 
%b | 5.67| 3.4 0.77 Colloid. 0.04 0.097 0.163 0.719 
64a | 2.7 2.35 0.36 Early. 0.108 0 005 0.051 0.300 
6ib | 41 | 2.3 0.41 Colloid, 0.954 0.332 0415 2.326 
Ma | 215 | 15 0.28 Early. O18) 0.085 0.122 0.657 
94b 1.9% 1.0 0.21 Early. 0.215 0.110 0.215 1.024 
5.44 3.6 0.5 Moderate. 0.261 0.048 0.072 0.521 
| 
Mb | 635 | 28 0.55 Early. 0.799 0.125 0.27 1.452 
was 1.093 mg., which is above the average for a normal gland. Speci- 


mens of liver and muscle showed no trace of iodin. 

(2) Effect of Removing One Lobe Without Administration of Todin 
(Table 8).—In the six dogs one lobe was removed as a control, and the 
dogs were then kept on the usual laboratory dict (bread, cooked meat, 
All show 


reduction in the size of the remaining lobe, manifested most particularly 


salt and water) without the direct administration of iodin. 


in the hyperplasie glands, but not as great as is noted in the dogs which 
had received iodin. The colleids also show some reduction in size, but 
to a less extent. 

Dog 27a was used as the control for 26a. They were sisters and both 


had normal control lobes. The second lobe of 27a showed the usual 
compensatory hypertrophy (Halsted), while the second lobe of 26a  re- 
mained normal in type, though it grew somewhat in size. 

The colloid glands showed no histologic evidence of hypertrophy, 
although chemically they did show evidence (i. ¢.. a reduction in the 
iodin content). <All the hyperplasic glands showed some evidence of 
reversion, but it was very slight compared with that occurring in the 
dogs which had been fed iodin. The normal and colloid glands both fell 


off rapidly in their iodin content, in sharp contrast to those fed iodin. 


On the other hand, however, the hyperplasic glands showed a slight in- 
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crease in the iodin content, though much less than in those where iodin 
had been fed. 

This suggests that keeping the dogs on the same diet, the hyper- 
plasic (hyperactive) glands are more capable of taking up iodin than 
are the more inactive normal or colloid glands. 

When we consider dogs 26 and 27 along with dogs 7, 9 and 11, and 
in connection with the general experimental evidence thus far obtained 
from various investigators, it further suggests that there is a minimal 
normal amount of thyroid tissue and a minimal normal amount of se- 
cretion necessary for the normal body economy, which is dependent on 
the available supply of iodin, i. e., the greater the supply of iodin the 
less the necessary amount of thyroid. This suggestion is further sup- 
ported by the fact, first pointed out by Halsted, that it is possible to 
produce goitrous pups by the partial removal of the mother’s thyroid, 
when she is kept on the ordinary diet. We have in addition, experi- 
mentally shown** that this can not occur in the presence of full amounts 
of iodin. 


OBSERVATIONS ON THE I0DIN CONTENT OF THE THYROID GLANDS OF 
OTHER ANIMALS. 

Since it has been shown by many observers that in goitrous districts 
all mammals are, to a greater or lesser extent, prone to thyroid changes, 
it is proper that tables be made both of their anatomic changes and their 
iodin contents in order that the physiologic importance of iodin can be 
estimated. Though we have merely begun this task, the results may be 
hinted at and suggestions made. 

Human Examinations. — Of two cases anatomically classified as 
“colloid X early,” glandular hyperplasia, one was clinically normal and 
contained 0.208 mg. of iodin per gm. of fresh thyroid, while the other 
case was an old colloid goiter on which was engrafted an early hyper- 
plasia. This case was clinically regarded as early exophthalmic goiter 
engrafted on an old colloid goiter. The gland contained 0.162 mg. iodin 
per gm. of fresh thyroid. In these two cases the anatomic changes and 
their iodin contents agree and are similar to the findings in dogs. Of 
four other cases clinically regarded as exophthalmie goiter (mild cases), 
who had, however, been treated with iodin, all were anatomically pure 
colloid goiters and showed iodin contents of 0.304, 0.633, 0.707, 0.883 
mg. respectively, thus agreeing with the observations of the others on 
the rapid storage of iodin, and also agreeing with our anatomic observa- 
tions indicating that there is a return to the colloid type on the admin- 


34. Cleveland Med. Jour., February, 1908, vii, 105. 
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istration of continued minute doses of iodin even in the exophthalmic 
hyperplasias. 

Sheep—An hyperplasia which had undergone spontaneous reversion 
contained 0.455 mg. iodin per gm. of fresh thyroid, while four marked 
hyperplasias showed in two cases no estimatable amount, and in the 
other two iodin contents of 0.014 and 0.019 mg. per gm. of fresh thyroid 
respectively. These observations suggest that here, too, the iodin was 
proportional to the colloid, and inversely proportional to the degree of 
glandular hyperplasia. 

Horses.—Two thyroids in the anatomic stage of moderate glandular 
hyperplasia showed 0.054 and 0.091 mg. iodin per gm. of fresh thyroid 
respectively. 

Calves.—A large parenchymatous goiter in the stage of marked glan- 
dular hyperplasia contained 0.042 mg. iodin per gm. of fresh thyroid. 

Cat and Bear.—On examination a histologically normal cat’s thyroid 
showed 0.154 mg. of iodin per gm. of fresh gland, while the thyroid 
from a young bear in the stage of early hyperplasia contained 0.081 mg. 
iodin per mg. of fresh gland. 

These observations, though still scanty, suggest that other animals 
in general obey laws similar to those found for the dog, and also, as 
pointed out by Baumann, that different animal species have normally 
different iodin contents—the carnivora having considerably less than the 
herbivora. 

In reviewing the investigations of Baumann, Roos, Oswald and Weiss 
we find that direct comparisons with our work are impossible, because 
the methods of iodin determinations differed in some details, but espe- 
cially because no histologic classification was used, which renders it im- 
possible to estimate what relation iodin bore to the gland structure. 
However, a summary of their results may be of interest. Baumann and 
Roos,®® working with sheep’s thyroids, found that their iodin content 
varied with the regions from which the glands were taken, being least 
in the goitrous regions, e. g., Frieburg glands contained 1.06 mg. per 
gm. of dried gland; Elberfelt glands contained 3.40 mg. per gm. of dried 
gland; Paris glands contained 1.70 mg. per gm. of dried gland. 

Baumann,** working with human glands, found the same regional 
differences in the iodin content of normal adult glands as was noted for 
sheep, e. g., Hamburg glands contained 0.83 mg. iodin per gm. of dried 


35. Ztschr. f. physiol. Chem., 1895-6, xxi, 480. 
36. Ztschr. f. physiol. Chem., 1896-7, xxii, 1. 
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gland; Berlin glands contained 0.90 mg. iodin per gm. of dried gland; 
Freiburg glands contained 0.35 mg. iodin per gm. of dried gland. 

He also found that the same differences held for infants and chil- 
dren. In goiters obtained in Freiburg he found 0.09 mg. per gm. of 
dried gland to be the average iodin content. From these observations he 
concluded that thyroids from animals in goitrous districts have normally 
less jodin than glands from non-goitrous regions, and that in uncom- 
pli ated goiters it was exceedingly low. 

Oswald,** working with normal (7) glands from the several provinces 
of Switzerland, found that the glands contained as much iodin (0.916 
mg. per gm. of dried gland) as normal glands from non-goitrous dis- 
tricts, but that goiters (glands weighing 95 gms. or more) contained, on 
the average, about half as much iodin per gm. of dried thyroid. Weiss** 
found the average iodin content in human glands to be 0.56 mg. per gm. 


of dried glands for Silesia. 


OBSERVATIONS ON THE IODIN CONTENT OF OTHER TISSUES. 

From the examination of the livers and muscles in three cases, in two 
of which iodin had been administered, the thvroids showing a high iodin 
content, only the slightest possible trace of iodin was present in two 
pieces of muscle, and none in the livers. We think these findings sug- 
gest that the amount of iodin normally present in tissues other than the 
thyroid is a negligible quantity. 

Recently Loeb,*” from a rather extensive study of the tissues (rabbit) 
after the administration of known quantities of potassium iodid, arrived 
at similar conclusions., viz., that after ninety-six hours following the 
administration of KI to rabbits, mere traces only could be detected in 
the lungs, kidneys, skin and blood, 

If Justus’ contention that iodin is present in all cell nuclei be 
true, it must be so small in amount that it is not determinable by the 
methods adopted by us. In one case in which two accessory thyroids 
were examined, an animal to which small amounts of iodin had been ad- 
ministered, a rather high iodin content (0.1 mg.) was found. This is 
to be expected, since the accessory thyroids (examined histologically in 
a large number of cases) show similar anatomic changes to those oecur- 
ring in the main lobes. 

The thymus from the same case also showed a relatively large amount 

37. Ztsehr, f. physiol. Chem., 1897, xxiii, 265. 
38. Miinch. med. Wehnschr., 1897, xliv, 6. 


39. Arch, f. exp. Path. u. Pharmakol., Ivi, 320. 
40. Virchow’s Archiv., Bd. elxx, S, 501. 


DAVID MARINE—W, W. WILLIAMS. 377 
(0.046 mg.) of iodin. Gross inspection of the gland as well as study of 
the portions taken for microscopic examination, failed to reveal accessory 
thvroids. This is at variance with Cunningham and Mendel,*! who claim 
that when iodin is present in the thymus it is probably due to the 
presence of accessory thyroids. In fairness, however, it may be stated 
here that there is another possible explanation of the presence of iodin 
in the dog’s thymus, viz., that over 20 per cent. of the dogs show per- 
sistent cystic dilatation of the embryonal thymie ducts (first described 
by Remak), and that the iodin present may be the result of excretion into 
these spaces rather than evidence of its existence in the true functional 
thymie tissue. Baumann*® was the first to point out that the thymus 
contained iodin. He also showed that by feeding dogs with fresh thymus, 
as compared with feeding with fresh muscle, the iodin content could be 
raised; this could also be done in the case of thyroid glands by feeding 
with dog biscuit or sea fish. That the thymus is in many ways related 
to the thyroid in function has been pointed out by many observers from 
several points of view. For example, Mikulicez** and others have noted 
the mildly beneficial effects of feeding thymus in goiter; it has also been 
pointed out that in parenchymatous goiter and in cretins the thymus is 
generally persistent or even enlarged.” 
Whether iodin is in any way related to the therapeutic value of 
thymus or its associated persistence in cretinoid states is a subject on 
which one of us (Marine) is now collecting data. 


OBSERVATIONS ON COMMERCIAL DESICCATED TITYROID. 

As pointed out in a previous paper by one of us, a large proportion 
of the sheep in certain districts have enlarged (hyperplastic) thyroids, 
and it occurred to the writer to visit one of the larger commercial lab- 
oratories where desiccated thyroid is prepared to see what kind of glands 
were being used. It was found that they were using hyperplastic as 
well as normal glands in preparing their medicinal products. In the 
light of the findings of Baumann, Oswald, Roos and the authors, viz. : 
(1) that the iodin content, in general, varies with the amount of colloid; 
(2) that in general the colloid varies inversely with the degree of glan- 
dular hyperplasia; (3) that the iodin content varies inversely with the 
degree of glandular hyperplasia, and (4) that the physiologic activity 


41. Am, Jour, Physiol., 1900, iii, 285. 

42. Miinchen. med. Wehnsechr., 1896, liii, 311. 

43. Ztschr, f. physiol. Chem., 1896-7, xxii, 14. 

44. Berl. klin. Wehnschr., 1895, xxxii, S. 342. 

45. Marie, Gaz, d. hép., 1893, p. 202; also Hektoen, Internat. Med. Mag., 1896, 
iv, 584. 
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of thyreoglobulin varies directly with the amount of iodin in organic 
combination, it becomes necessary to determine the iodin content of the 
various thyroid preparations. Accordingly, one of the firms prepared 
for us samples made from what they considered (1) normal glands 
(gross appearance), and (2) hyperplastic glands (gross appearance). 
We add the iodin contents of these specimens, and for comparison the 
iodin contents of a sample obtained in the market, together with a de- 
termination made from histologically normal glands. 


Specimen “C” from hyperplastic glands,, 0.292 mg. iodin per gm. of 
dried gland; specimen “D” from normal glands, 1.092 mg. iodin per gm. 


of dried gland; specimen “E” obtained in the market, 1.538 mg. iodin 


per gm. of dried gland; specimen “F” histologically normal glands, 
1.769 mg. iodin per gm. of dried gland. 


These four analyses indicate that the preparation made from the 
hyperplasias contains only one-sixth the amount of iodin present in the 
histologically normal glands, while a sample obtained in the market 
contained a third more iodin than the sample made from supposedly 
normal glands. There being no reason to suppose that iodin was added, 
no attempt was made to determine whether there was any free iodin. 
Since the manufacturing firms use both the hyperplastic and the normal 
glands in the preparation of their therapeutic products, it follows that 
different samples must contain varying amounts of iodin. Aufrecht 
examined thyroid tablets made from hog’s glands obtained from different 
localities and found great variations in the iodin content. 


Experiments with feeding specimens “C” and “D” desiccated thyroid 
were undertaken and, although accidentally incomplete, are suggestive 
enough to be mentioned here. Two dogs (A-107 and A-108) of the 
same age, breed and weight were fed on equal amounts (11 gms.) of 


“and “D” respectively in eighteen days. The dog fed with 


ogee 


specimens 


specimen (hyperplasia) did not lose weight, and the amount of 


iodin per gm. of fresh thyroid was 0.173 mg. (gland taken twenty-one 


days after last dose of substance) ; while the other dog (A-108) fed on 
specimen “D” (normal glands) lost 454 gms. in weight in eighteen days 
of feeding; the amount of iodin per gm. of fresh thyroid was 0.439 mg. 
(gland taken twenty-one days after last dose). This suggests, as Os- 
wald and Roos have pointed out, that the activity of the thyroid sub- 
stance varies with the amount of iodin in organic combination; but it 
is not in contradiction with the possibility and, indeed, the probability, 
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as mentioned by Hunt* and one of us,' that the substance, in the absence 
of iodin, may have other activities. 
GENERAL DISCUSSION, 

The importance of a histologic basis of classification in goiter can 
not be overestimated. Virchow, as early as 1863, pointed out the great 
confusion which then existed in the classification of thyroid diseases 
and also the dangers to which it was leading, viz., the interference with 
the advance in our knowledge of goiter both anatomically and clinically. 
In the first place, the classification must be rigid, and second, it must 
be dependent on the three natural anatomic divisions., viz., (1) normal 
glands; (2) colloid glands; (3) hyperplasia. In an organ whose struc- 
ture is so manifestly affected by a variety of systemic conditions it is 
clearly impossible to make use of any other factor than anatomy as a 
point of departure. Little need be added relative to the anatomic de- 
scriptions of the groupings already given. It is to be regretted that more 
normal glands were not found, though it seems unlikely that iodin deter- 
minations in a larger number of normal glands would have materially 
changed the relative importance, and it is this feature, rather than the 
actual figures, that we consider important. 

Comparison of the iodin determinations with the corresponding his- 
tologie groupings, as shown in Tables 2, 3, 4 and 5, permit the deduction 
of several important general conclusions which bring the relationship of 
iodin to the structure of the thyroid closer than has heretofore been sus- 
pected. Some of these relationships may be again referred to, for the 
sake of emphasis: the percentage of iodin in general varies with the 
amount of stainable colloid, as was first pointed out by Oswald. ‘To 
this rule there is an apparent contradiction in the normal and colloid 
gland, but this can be explained by the fact that there are quite wide 
limits in the percentage of iodin above the amount necessary for the 
maintenance of normal structure, and this reserve iodin, so to speak, pro- 
duces no detectable microscopical changes. It also appears to be a gen- 
eral law that the colloid material in general varies inversely with the 
degree of glandular hyperplasia, and third, it is shown that the iodin 
content varies inversely with the degree of glandular hyperplasia. 

In the analyses of the individual members of the separate groups 
there are many apparent exceptions also to the last two general laws 
mentioned, and these exceptions rather suggest that while iodin is the 
main object and factor governing thyroid activity, there are other con- 


46. The Journal A. M. A., 1907, p. 1323. 


| 


[ 


380 IODIN IN THE THYROID. 


ditions as well which influence the gland structure. This, indeed, would 
he probable if goiter is considered as a manifestation of a nutritional 
disturbance. 

As pointed out above, there are wide variations between the amount 
of iodin necessary to maintain normal structure and the largest amount 
which can be held in organic combination by the colloid (thyreoglobu- 
lin), and within these limits the microscopic changes in the structure 
are too slight to be estimated accurately, though there must be wide dif- 
ferences in structure that are not to be detected by present microscopic 
methods. In view of this factor of error in normal and colloid glands, 
more importance should be attached to the early hyperplasias and to the 
minimal amount of iodin necessary to start hyperplastic changes. This 
minimal amount is found to be quite constant, as shown in Table 5, being 
0.173 mg. iodin per gm. of fresh thyroid for the “normal X early” 
glands, 0.217 mg. for the “colloid X early,” and 0.139 mg. for the pure 
early glands. 

Passing to the hyperplasias, here, too, we find a difficult factor to 
determine by histologic examination for the reason that microscopically 
it is often diiticult to decide whether a gland is reverting from a more 
marked hyperplasia or is undergoing secondary hyperplasia; in the 
former case the iodin content would be higher than in the latter. So 
that, in view of these known difficulties, it is probable that future work- 
ers, While laying most stress on the anatomic structure, will have to take 
cognizance of the iodin content as well, in order to group the glands 
accurately and to estimate their functional activity. Nevertheless, it is 
clear that these apparent exceptions do not materially affect the impor- 
tance established for iodin in its relation to thyroid structure and gland 
activity, and, besides, it is probable that all these exceptions could be 
rationally explained if the complicating factors acquired during the life 
of the animal were known. 

A point worthy of special notice is that the iodin contents of the 
glands included under double references, as shown in Table 5, fall be- 
tween the iodin contents of the groups to which they were anatomically 
referred, though in making up the original tables they were not consid- 
ered at all, and the results could not in any way be influenced by ideas 
gained from the original (pure) groups. This additional grouping 
amounts, in effect, to doubling the evidence in proof of the three laws 
above mentioned, and also indicates that the hyperplasias, both histo- 
logically and chemically, resist arbitrary grouping, but represent a con- 


tinuous gradation from the normal glands to the marked hyperplasias. 


| | 
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In a previous paper’ it has been pointed out that the thvroid is not 
the only tissue affected in the production of glandular hyperplasia 
(parenchymatous goiter). As has been pointed out by many observers, 
the lvmphoid tissues (spleen, thymus and lymph glands), together with 
the bone marrow, show quite constant lesions that must be considered in- 
tegral parts of the general disturbance, and when one recalls the experi- 
mental biologie data already mentioned in the introduction it appears 
highly probable that in the natural occurrence of goiter, as in its arti- 
ficial production, the underlying process is essentially a “compensatory 
reaction to some deficiency” rather than that it is a spontaneous thyroid 
affection. This is a view quite opposite to that held by many students 
of exophthalmic goiter. That iodin is the most important single factor 
in this disturbance is further suggested by the fact that the ability of the 
thyroid to store iodin depends on the degree of glandular hyperplasia 
rather than on the form or mode of its administration, as shown in 
Table 9, and also that there is an economy and storage of iodin (some- 
what comparable to that of iron), as shown by the fact that there are 
wide limits in the iodin content between the amount necessary to main- 
tain normal structure and the highest amount of iodin which ean be 
stored in the gland. 

In view of the evidence thus far deduced, we believe that goiter must 
be classed with the nutritional disturbances (diseases) and that as such 
it will take its place in nosology along with chlorosis, rachitis, status 
lymphatics, osteomalacia, (7) ete. That there are other factors than iodin 
influencing the thyroid changes seems to be proved, but there is no ex- 
perimental evidence that a specifie infecting agent as such is one of these 
factors. 

The mode of action of iodin is probably similar to that of iron, eal- 
cium and other normal metallic constituents of the body in their relations 
to normal and disturbed metabolism, viz., that as in the ease of iron. 
calcium, ete., so with iedin, (1) the body practices an economy in its 
use; (2) there is a normal minimal amount necessary for the body 
needs, and a variable reserve quantity, and (3) that a deficieney of either 
element induces anatomical changes in the tissues directly concerned 
with their storage and elaboration. 

Finally, the treatment of simple hyperplasias has close analogies with 
the treatment of chlorosis, particularly in that the form of iron or iodin 
administered is not all important, since the ability to take up these 
metals depends rather on the degree of tissue reaction. And this fact 


suggests a point in the treatment of symptomatic thyroid hyperplasias 
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that may have considerable practical importance, viz., that the physio- 
legie dose of iodin should be inverse to the degree of glandular hyper- 
plasia. 

‘The reversion to a colloid type, which occurs coincidently with the 
administration of iodin in a hyperplasia, is the histologic evidence of a 
cure and not of a degenerative process in the usual interpretation of 
that term. Colloid glands (goiters) are the nearest normal condition 
to which the hyperplasias can return, and not only is this true of their 
gross and histologic appearance, but also of their chemical (iodin) and 
clinical bearing as well. 

The problem of commercial desiccated thyroid is an important one 
for the pharmacologist and clinician alike, as has already been shown 
both on the bases of anatomic structure of the thyroids used and on its 
physiologic activity. Some standard, either chemical or physiologic, is 
needed, even if in the absence of organically combined iodin the sub- 
stance is inert. This, however, can not be granted at present, as there 
is some clinical evidence that these hyperplastic glands during life have 
a greatly altered secretion which exerts a toxie action on the organism. 
Whether this activity may be destroved in the preparation of desiccated 
thyroid is a very important problem for clinical experiment, particularly 
when desiccated thyroid is so extensively used in the treatment of thyroid 
changes histologically similar to those existing in the glands from which 


the preparations are made. 


PROBLEMS OF HUMAN GOITER. 

In view of the relations that have been shown to exist between the 
amount of iodin and the histologic structure of the thyroid in the dog, 
and in view of the facts thus far collected as to the incidence, distribu- 
tion, nature and treatment of goitrous conditions in all animals, it seems 
necessary that similar work be carried out in man, both in goitrous and 
non-goitrous districts. The essential problems for solution must be the 
same in man as in animals, and are modified only by man’s position in 
the biologie scale and by the vast complex of acquired conditions—ac- 
cidental or intentional (social complex, food, migration, locality, medi- 
cation, ete.). 

With fairly definite anatomic criteria established in animals, it 
seems possible to group and study the human forms. This work is now 
in progress. As is to be expected, great irregularities are met with on 
account of complicating factors which are almost always present and 
make interpretation of the observations difficult. However, the general 
conditions so far are found to obey the same general laws that were 
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treed and Age. 


Collie. 
Spaniel. Middle........... 
Collie. Middl 
Terrier. Middle... 

Fox terrier. Middle...... 
Terrier oe 
Scotch terrier. Middle... 


Fair 


Moderate 
Excellent 


| Bull terrier. Middle...... | Excellent 

| Seotch terrier. One year.) Excellent 
Fox terrier. Middle...... Excellent 


Bulldog. Young adult... 
Terrier. Middle......... oe 
eee 
Collie. Middle............. 
Dachshund. Middle...... 
Dachshund. Middle...... 
Daughter of A-17b; 3 days. 
Terrier. Middle.........0 
Terrier. 
Terrier. Middle......... oe 
Bull terrier. Pup......... 
| Hound. 
Spaniel. Middle........... 
Hound. 
Terrier. Pup 

rerrier. Pup.. 

Terrier. 
Terrier. 
Terrier. Middle 

Beagle. Young...........0. 
Terrier. Young 

Terrier. 
Spaniel. Middle.......... 
Hound. Middle............ 
Bull terrier. Pup......... 
Terrier. 
Setter Middl 
Terrier. 
Pointer. Middle........... 
Terrier. Middle........... 
Hound. Six months..... 
Hound. Six months..... 
Terrier. 
Terrier. 


Spaniel. Young..........0 


Terrier. Middle........... | 
Terrier. 


Terrier. 


Terrier. Pup 
Spaniel. Middle.......... 
Terrier. Middile......... 
Spaniel. Middle.......... 
Collie. 
Terrier. 


Terrier Young.. 


Terrier. Young 
Terrier Middle 
Spaniel Middle 

Spaniel Middle 

Collie Pup 

Collie Pup 
Collie. 
Cur 


Emaciated 


Emaciated 


Excellent 


Fair .. 
Fair ... 
Fair .. ‘ 
Eexeellent 


Emaciated 


Good 


Poor 
Poor 


Good 


| Good 
Good 


Emaciated 
Fair ... 

| Good 

| Good 

Good 

Poor 

| Poor 

| Good 

| Poor 

Good 
Good 
Good 
Good 
Good 
Good 
Exeellent 
Exeellent 

| Excellent 


Good .. 


Gray-yellow, 


| Pink, fleshy 


Yellow-pink 
Pink 
Pink, fleshy 


Yellow, pink.. 


Yellow, pink 


Clear, yellow, 


Yellow-pink Firm 
Yellow pink Firm 
Pink, fleshy Soft 
Red, fleshy Soft 
Yellow-pink ...| Moderate 
Yellow, translucent ..| Firm 
Gray-pink Moderate 
Pink, fleshy Moderate 
Red-yellow Moderate 
Red-opaque Soft 


Yellow-pink 


Pink-opaque 


Clear, yellow, 


Gray, transl 


Pink, opaque 


Macroscopic. 
Color. 
Yellow-pink, translucent Firm 
(iray, teshy .| Soft 
Pink, opaque ..| Moderats 
Gray-pink, fleshy .| Soft 
Pink | Moderate 
Yellow-pink ....... Firm 
Yellow, translucent .| Firm 
Yellow, translucent ..| Firm 
Pink, fleshy .. F ..| Soft 
Yellow, translucent .......| Firm 
| 

Fleshy red ...... Soft 
Srown-red, translucent | Moderate 
Gray-pink, vascular | Soft 
fleshy .| Soft 

fleshy .| Soft 
Yellow, translucent.... Firm 


translucent. | Firm 


Gray-pink, fleshy .. ...| Soft 

Clear-yellow, translucent. | Firm 
Pink, fleshy ; : Soft 

| Yellow, translucent ...| Firm 


Moderate 
Firm .. 
Moderate 
Soft 
Firm 
translucent.| Pirm 


Moderate 
| Moderate 
translucent | Firm 
ucent Firm 


Yellow- pink Firm 
Fleshy-pink Soft 
Yellow-pink | Firm 
Clear, yellow, translucent) Firm 
Red, gray - | Moderate 
Red, gray -| Moderate 
Pink, opaque Soft 
Pink, opaque | Soft 
Gray, translucent .... Firm 


Moderate 


Clear, yellow, translucent!) Firm 


Pink, translucent 


Pink, translucent..........) Firm 


Pink, translucent 


Pink, translucent 


Pink, opaque 


-- | Soft 


Clear, yellow Firm 


Gray-pink 


Moderate 


Red, opaque Soft 
Purple, opaque 
ink, opaque Soft 
Clear, vellow 
Pink-yellow Firm 


Pink, opaque 
Pink translucent 


Pink, opaque 


Pink, opaque -- | Soft 
Pink, translucent Firm 
Pink, translucent Firm 
Yellow, translucent Firm 
Purple opaque Moderate 
Pink, translucent --| Firm 


Pink, translucent 
> 


| Soft 


Consistency. 


Moderate .... 


Moderate 


Moderate 


Moderate 
Moderate 


Colloid 


Normal 
None . 
Reduced 
None .... 
Reduced 
Reduced 
Normal 


Abundant 
None 

NOMS 
Abundant 


None .. 
Normal 
None 
None 
None 


| Normal 


Normal 


..| Normal 


Normal 
None 


Abundant 


--| None 


Abundant 


Reduced 
Reduced 
None ... 
Normal 
Reduced 
Normal 


Reduced 
Reduced 


None 
None ... 
Reduced 
Normal 
Reduced 
Reduced 
Reduced 


| Reduced 


Reduced 
Reduced 
Normal 
Normal 
Reduced 
None 
Normal 
Normal 
Reduced 


None 


None 


None 
| None 


Norial 
Normal 
Reduced 
Reduced 


Normal 
None 
Normal 
Reduced 
None 
None 
None 
Normal 
Normal 
Reduced 
Reduced 
Reduced 
Reduced 
Normal 
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| 


Iodin per kg. 
“ly weight. 
Iodin per gm. 
fresh thyroid. 

| lodin per gm. 
dried thyroid. 


rue Srructure or tHe Tuyrorm GLanp. 


Remarks. 


Moderate hemorrhagic-cystic change. 


"Right lobe removed 1 year ago. Iodin calculated as for 2 lobes. 


"Right lobe removed 1 year ago. Weight equals 3.85 gm. lIodin— 
absolute amount. 

Uterus and ovaries removed 6 months ago. 

* Right lobe removed 7 months ago. lIodin—absolute amount. 


*Right lobe removed 1 year ago. Weight 7.2 gms. Iodin—absolute 
amount. 
Desquamation—not included in tables. . 


|*Leit lobe removed, Jan. 22, 1907. Fed desiccated thyroid (com- 
mercial). 
*Died Feb. 20, 1907. Sixty-five 5gr. tablets given in 28 days. 
lodin not determined—accident. Pregnant right lobe removed, 
Feb. 20, 1907. 
Killed March 15, 1997, 33 days after birth of puppies; 200 mg. iodin 
given. Bits of liver and muscle showed no trace of iodin. 
Slightest possible trace of iodin. 
* Left lobe removed Jan. 22, 1907. Dog fed fresh sheep thyroids. 
"Died Feb. 11, 1907. . Had taken 545 gms. fresh sheep thyroids 
(hy perplasias). 


*Right lobe removed. Fed iodin. Cretinoid dog. lIodin calculated 
as for 2 lobes. 


A reverted glandular hyperplasia (spontaneous). 

\*Right lobe removed Feb. 15, 1907. Fed 15 gtt. sat. als. sol. iodin. 

i: April 2, 197. Had grown rapidly. Muscle—slightest trace 
odin. 

\*Right lobe removed Feb. 15, 1907. No iodin administered. 

"Died April 2, 197. Pneumonia. lIodin—slightest possible trace 
in muscle. 


Beginning reversion. 


Probably marked glandular. 
Reverting, spontaneously. 


| Reverting, spontaneously. 


*Right lobe removed March 14, 1907. Gland hemorrhagic. 

*Died, wound infection after 2 days. Half left lobe used for iodin, 
absolute amount. 

*Right lobe removed, March 14, 1907. 

*Killed, infected, March 16, 1907. Half + 1. lobe used for iodin— 
absolute amount. 


Considered colloid, using strict classification. 
Spontaneous reversion. ate by 
*Left lobe removed March 29, 1907. Fed desic¢atpd fcom- 

\*Died April 4, 1907. Pneumonia. Received 6 tablets, each 5 grains. 
"Right lobe removed March 29, 1907. Fed iodin, 10 gtt. sat. ale. sol. 
"Killed April 23, 1907. 


*Left lobe removed April 1, 1907. Cretinoid dog. 
*Killed April 8, 1907. Fed iodin, 7 gtt. sat. ale. sol. 


Seabies. 


*Left lobe removed April 17, 1907. No iodin. 
*Killed May 22, 1907. 
*Left lobe removed April 17, 1907. No iodin. 
"Killed June 5, 1907. 
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co 4 7.2 14 80} 0.084] 0.005 | 0.012] 0.061 | 
2.27 | 74 4.676 | 0.351 | 0.543 | 2.060 
on oe "0.24 0.04 0.088 | 0.380 2.30 
| 0.25 | 0.07 | 72] 0.062] 0.033 | 0.248 | 0.886 
of ° +] .. - | 70.15 0.025 | 83 0.038 0.024 0.253 1.52 
| 1.4 S82 0.035 | 0.008) 0.004 0.023 
ee + i.s | O.44 Ss 0.081 0.006 0.006 0.069 | 
+] 8.25 1.98 | 76] 2.423] 0.167] 0.293 | 1.223 | 
+]..]..] 2.2 | 0.487177] 0.631] 0.069] 0.286] 1.296 | 
> + + | 20.8 7.24 75 | 0.449 0.076 | 0.015 | 6.062 
co ei. | 0.72 85) 0.615 0.173 0.125 0.854 | 
2.0 5.75 74 1.679 | 0.142) 0.076 0.292 | 
+] | | 2:68 | 20] 0.183) 0.908 | 0.70 
| 40.0 11.06 | 72] 4.015 | 0.365] 0.100] 0.363 
i + ; ee a8 oe 1.3 0.31 77 0.984 0.156 0.757 3.205 
0.44 | 74] 0.108 | 0.017 | 0.063] 0.243 
ee + ea 4.5 1.184 | 74 0.890 0.062 0.197 0.752 
‘ 5.3 | 0.87 85 0.046 0.009 0.008 0.053 
6.5 1.6 76 1.271 0.100 0.195 0.815 
1.25 | 0.115 | 91 0.415 0.059 | 0.332 3.608 | 
‘ | 410.0 8.3 | 79) 1.021} 0.132; 0.025] 0.123 | 
+ |°25.0 3.74 0.288 0.087 0.011 0.077 
co 0.75 | Sl | 0.015 | 0.002 | 0.004] 0.020 
+ "1.1 0.24 7s 0.015 0.002 0.013 0.062 
° 3.35 0.685 | 80 0.09” 0.008 0.027 0.184 | 
| 8.0 1.58 | 80] 0.013 | 0.002] 0.002 | 0.008 
| oe 0.86 72 1.753 0.128 0.565 2.0383 
+ oe oe 0.54 os 0.261 0.048 0.158 0.483 
| ori 4 + ee 4.09 2.021 0.119 0.125 0.431 
. | + 1.47 79 3.160 | 0.987 0.138 0.707 
. 5.85 | 74] 5.609 | 1.889] 0.245] 0.969 
6 | 0.52 | 85] 0.215] 0.079] 0.057] 0.413 
> + os 0 | 74 1.630 0.503 0.815 3.196 
+]... 2 1.55 77 0.547 0.060 0.079 0.353 
‘ ax ve ok 3.38 | S4 0.155 0.028 0.028 0.045 
+ | 0 13.15 0.610 0.083 0.008 0.054 
és oe 5 0.38 0.477 0.065 0.318 1.255 
se 0.87 72 0.509 0.084 0.183 0.654 
* + .82 1.34 76 0.7 0.152 0.181 0.569 
+ + -29 1.007 | 76 0.034 0.058 0.148 0.631 
+ oo | 15.97 3.6 79 0.608 0.115 0.035 0.169 
| 0.8 a4} 0.185 | 0.087 | 0.036] 0.231 
+ 5 0.65 74 0.246 0.033 0.098 0.378 
3.41 76 4.249 0.334 0.298 1.246 
. 4.08 71 1.302 | 0.102 0.092 0.323 
| “8.85 0.36 ss 0.108 0.005 0.051 0.300 
| O.41 | S2] 0.9548 | 0.3382 0.415 | 2.326 | 


7 Spaniel Middle Good Yellow. translucent Normal 
2.7 Collie Pup Exeellent Purple opaque Reduced 
4.1 Collie Pup tee Excellent -- Pink, translucent Normal 
15.0 Collie Middle Excellent Pink, translucent Normal 
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4 reverted glandular hyperplasia (spontaneous 


A-b...F. | 
A-Gia...M. | 
A4Mb...M. 
AD M. 
lin— 
n, } 
n- 
3. 
| ea | o9o7 111 4.6761 0.351 | 2.060 


-110a 
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STL 


108a... 


-112.. 
A-113.. 


MM. 


SS 


COND 


76 4.249) 0.334 0.298 1.246 

71 1.202 0.102 0.092 0.323 

ss 0.108 | 0.005 0.051 | 0.300 

sv 0.954 | 0.332 0.415 | 2.226 
berriet l’up Fair 
Perrier up emaciated 
Terrier Middle Good 
Collie. Pup 

Bull Middle 

Collie Pup ool 

Senatle Young 

lerrier Young 

Perrier Middle 

Spaniel M 

lerrier Middle 

Hound Middle 

Bull terrier up xee nt 
Terrier Middle Fair 
Setter Middle Good 
Terrier Pup... 

Pointer 

Perrier Middle 

Six months 

Six months.....| Poor 
Terrier Middle Good 
Terrier Middle. Good 
Bull MiGGle. ..| Good 
Spaniel, Young eee} Crood 
cur Middle 
Good 
Terrier eer Fair 
Terrier ..| Emaciated 
Terrier | Good 
Spaniel _ | Good 
Terrier. Good 
Sull Pup 
Bull Pup ; | 

Spaniel ile | 

Collie co 

Terrier. Young........... | 

Collle Old | 

Terrier 

Terrier Young 

Terrier Middle 
Spaniel Middle | 
Spaniel Middle | 
Collie Pup Excellent 
Collie. oxcellent 
Collie Middle BECellent 
Cur Middle Fair 
Hound. Middle Excellent 
Terrier. Young Fair 
Cur. Old Fair 
Spaniel. Middle........... Fair 
Terrier. Middle Fair .... 
Fair .. 
Bull. Young.. Good 
Bull Young...............] Emaciated 
Dachshund. Young ee 
Dachshund. Young....... 
Cur. Middle.. ...| Good 
Cur. Middle... Fair 
Collie. Old : Fair 
Middle... Good 
teagle. Old Good 
Terrier. Middle.......... Good . 
Terrier. Middle........... Excellent 
Collie. Middle Good 
Cur. Middle... Fair .... 
Terrier. Old.. Fair 
Terrier Middle Pair 
Cur. Middle Excellent 
Cur. Young.. Fair 
Terrier. Young Good 
Terrier. Old.. Good 
Terrier. Old 
Fair 
Terrier. Middle........... Fair 
Terrier. Middle........... Excellent 
Terrier. Middle Fe 
Terrier. Middle 
Cur. Middle ‘ 
Cur. Middle 

Prince Charles. Young 
Ce. 

Terrier. Young.. 
Cur. Middle.. 
coos 
Terrier. Middle 

Spaniel. Middle 

Bull. Middle... 

Bull. 

Bull. Middle -| Poor 

Bull. Middle | Poor 
Bull. Middle ‘ Good 
Bull. Middle... | Good 
Terrier Middle Good 
Fair 
COW 
Hound. Eight months... Fair 
Setter. Six months.. Poor 
Bull terrier. Middle Good 
Cur. Young.. Good 
Terrier. Good 


Left lobe removed - April 17, 
“Killed May 
“Left lobe removed 
“Killed June 


Yellow-pink 


-| Yellow, 


| Pink, 


| Atrophic 


| Pink, 


1907. 
22, 

‘April 17, 1907. 
1907. 


5, 


Yellow- pink 


Pink, fleshy 
Red, fleshy 
Yellow-pink 
translucent 
Gray-pink 
Pink, fleshy 
Red-vellow 
Red-opaque 
Yellow-pink 
Pink-opaque 


Yellow, translucent 
Purple opaque 
Pink, translucent 
Pink, translucent 
Pink, opaque 
Red, opaque 
Pink, opaque 
Pink, opaque 
opaque 
opaque 
opaque 
opaque 


Gray, 
Red, 


Red, 
Pink, 


translucent 
opaque 
Pink, opaque 
Clear, translucent 
Pink, opaque 
Opaque .. 
translucent 
opaque 
Pink, translucent 
Pink, translucent 
translucent 
translucent 
translucent 
Pink, opaque 
Clear, yellow, 
Clear, yellow, 
Clear, yellow, translucent 
Clear, yellow, translucent 
Clear, pink, translucent... 
Pink, translucent 
Pink, translucent 
Clear, yellow, translucent 
Pink, translucent 
Pink, translucent 
Red, transincent. 
Pink, translucent 
Red, opaque 
White-yellow .... 
Pink, translucent 
Pink, opaque 
Pink, translucent 
Pink, fleshy 
Pink, fleshy 
Pink, translucent 
Brown, tr: anslucent. 
Brown, translucent 
Pink, translucent 


Pink, opaque 
Gray red 


Pink, translucent ......... 


transluc “ent 
translucent 


Yellow, translucent 
Yellow, translucent...... 
Yellow, translucent...... 
Yellow, translucent 
Pink, translucent ......... 
Yellow, translucent 


No iodin. 


No iodin. 


Firm 
Firm 


Soft 

Soft 
Moderate 
Firm 
Moderate 
Moderate 
Moderate 
Soft 
Moderate 


| Moderate 


Firm 
Firm 
Firm 
Soft 

Firm 
Firm 


| Moderate 


Clear, yellow, translucent | 
Giray translucent 
Yellow pink 
Fleshy-pink 
Clear, yellow, translucent) 
Red ee 
Red, 
Pink, opaque 
. Pink, opaque.............+ 
Gray, translucent 
Pink, opaque.. 
Clear, yellow, tr: anslucent 
Pink, transluce “nt ‘ 
link, translucent..........| 
conned Pink, translucent... 
Pink, translucent... 
Pink, opaque........ 
Gray-pink wall 
Red, opaque .. 
.-| Purple, opaque 
Pimk, 
Clear, yellow 
Pink-yellow 
| Pink, opaque ...... 
| Pink translucent os 
link, opague.. 
Pink, translucent - 
Pink, translucent ‘ 


Moderate 


Soft 
Soft 


Firm .. 
Moderate 
Firm 
Firm 
Firm 


Moderate 


Moder ate 
irm ...... 
Moderate 


| Soft 


Soft 
Soft 
Firm 
Firm 


Moderate 


Moderate . 
Soft 

Soft 

Firm 

Firm 


| Firm 


Moderate 
Firm 
Firm 

Soft 

Soft 

Soft 


Moderate 
Soft . 

Moder: ate 


Firm 
Moderate 
Moderate 
Firm 
Soft 
Moderate 
Moderate 
Soft 
Firm 


Firm 
Firm 
Moderate 
Moderate 
Firm 
Firm 
Firm 
Firm 
Firm 
Moderate 
Moderate 


Firm 


Moderate . 
Soft 
Soft .. 
Moderate 
Firm 

Moderate 


Moderate 


Firm 


Firm 
Firm 
Firm 
Soft 
Soft 
Firm 


Moderate 
Firm 


| Normal 


| Reduced 


Reduced 
Reduced 
None 
ovue 
Reduced esse 
Normal 
Reduced 
Reduced 
Reduced 
Reduced 
Reduced 
Reduced 
Normal cons 
Normal 
Reduced 

None .. 


Normal 
Normal 
Reduced 
Reduced 


None 
None 


Normal 
Reduced 
Reduced 


Normal 
None cere 
Normal 
Reduced 
None 


Normal 
Normal 
Reduced 
Reduced 
Reduced 
Reduced 
Normal 
Normal 
Normal 
Reduced 
Normal 
Normal 
Reduced 
None 
Reduced 
None 


Reduced 
Reduced 
Reduced 


Reduced 
Reduced 
Reduced .........; 
Abundant ....... 
None 
None 


None 
Normal 
Normal 
Normal 
Normal 
Reduced 
None 
Normal 
Normal 
Normal 
Normal 
Abundant .......) 
Abundant 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
None 
None 
Normal 
None 
Reduced 
Reduced 
None 
Normal 
Normal 
Normal 
Reduced 


None 
Reduced 


Normal 


Normal 
None 


None 
Normal ........-4 


Reduced | 
Normal ....... 4 


- 14.25 | 3.41 
+ *2.25 0.36 
| 1*2.3 | 0.4 
| 3.78 | 0.98 
| 
M 11.3 
M 5.6 ‘ eves 
M 6.3 
\-41 F. 5.0 ‘ 
A-tia...M. 6.3 — 
_M. 10.4 None — 
Aad F. 6.3 ...| Nome 
A4s....M. | 13.6 
A-5ib...M. .0 
\-R2b...F. 3 
1-54....M. 4 a 
\-55b 6 
\ 
A-73b...M. 
A-76....M. 5 
A-78....M. 9 
A-79....M. 13 
A-31....F. 6 M 
A-@....M. 15 
A-84....F. | 12 
A-85....F. 3 
A-86....M. 9 
A-SS....F. 
A-89....M. 
A-O4a...F. 2. Gli 
Amb... F. Firm 
A-06....F. Moderate ...........] 
A-07....M. 
A-101....M. sounding 
A-102....F. 
A-103....M. eses 
9.40 
| 
4-107a...F. 
5.4 
F. 5.4 


= 


0.081 


0.015 
0.015 


0.2938 
0.009 


0.046 
1.786 


0.969 
0.418 

0.353 
0.045 
0.054 
1.399 
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oncoroo: 


A reverted glandular hyperplasia (spontaneous 

*Right lobe removed Feb. 15, lav “ed 15 gett. sat. als. sel. jiodin 

*Killed April 2, 1007 Had grown rapidly Muscle slightest trace 
iodir 

*Right lobe removed Feb. 15, 1907 

*Died April 2, 1907 
in muscle. 


No iodin administered 
Pneumonia. lodin—slightest possible trace 


Beginning reversion 


Probably marked glandular 
Reverting, spontaneously 


Reverting, spontaneously 


*Right lobe removed March 14, 1907. Gland hemorrhagic 

*Died, wound infection after 2 days. Half left lobe used for iodin, 
absolute amount. 

*Right lobe removed, March 14, 1907 

*Killed, infected, March 16, loo7. Half l. lobe used for jodin 
absolute amount. 


| 
Considered colloid, using strict classification 
| . 


‘Left lobe removed March 29, 1907. Fed desictatpd 
mercial). ce 
‘Died April 4, 1907. Pneumonia. Received 6 tablets, each 5 grains 
*Right lobe removed March 29, 1907. Fed ijodin, 10 gtt. sat. ale. sol 

Killed April 28, 1907. 


*Left lobe removed April 1, 1907. Cretinoid dog. 
*Killed April 8, 1907. Fed iodin, 7 gtt. sat. ale. sol, 


Seabies. 


*Left lobe removed April 17, 1907. No iodin. 
*Killed May 22, 1907. 

*Left lobe removed April 17, 1907. 
*Killed June 5, 1907. 


No iodin 


Hemorrhagie-cystic complications, 

*Left lobe removed April 25, 1907. 
sol. lodin. 

"Died May 4, 1907. Acute distemper. ***Specimen destroyed. 

*Left lobe removed April 25, 1907. No iodin. 

*Killed June 1, 1907. 

Spontaneous reversion. 


Chorea. Five gtt. sat. ale. 


Iodin calculated from left lobe. Old hemorrhages. Neoplasm. 


Spontaneous reversion, Pregnant. 


Iodin calculated from left lobe. 


Pregnant. 


*Left lobe removed May 11, 1907. No iodin. 

\*Died May 25, 1907. Mercurie chlorid poisoning 
\*Left lobe removed May 25, 1907. Isthmus. No iodin 
|*Killed June 6, 1907. 


| Extensive calcification of capsule—lobes very small 


Reverting. 


*Right lobe removed June 25, 1907. No iodin : 
/*Approximately half of left lobe removed July 15, 1907. No iodin 
|*Approximately half of remaining portion of left lobe removed, 
| Sept. 10, 1907. No jiodin. oy 
/*Remaining portion of left lobe removed Dec. 7, 1907. No iodin. 
l*Killed Jan. 21, 1908. No trace of thyroid lobes; 2 accessory aortle 
thyroids. Weight % gms.: 5 gtt. syrup ferrous iodid and 6 
Ser. tablets desice ted thyroid. 
l*Killed Jan. 21, 1908. Spee. thymus with no visible access. thyroids 
*Admitted May 17, 197. Right and half of left lobes removed Sept 
10, 1907. tjetween pregnancies 
Right and half left lobes removed July 15, 1907; 12 gms desiccated 
thyroid fed before operation “Spec. C.” Hyperplastic. 
‘Right and half left lobes removed July 15, 197; 11 gms. desiccated 
thyroid fed before operation “Spec. D.” Normal. 
"Richt lobe removed Oct. 30, 1907. 


*Fed 130 gtt. syrup ferrous iodid. Killed Jan. 15, 1908. Reversion 
of marked glandular : 

*Left and two-thirds right lobes removed Jan. 15, 1908. Early preg 

*Left and two-thirds right lobes removed Jan. 15, 1908. Late preg 
naney Died tetany Jan. 24, 1908; aborted 


. 7.2 1.4 80 0.084 0.005 012 0.061 

oo 4 | 8.6 | 2.27 74 4.676 | 0.351 ). 543 2.000 

| | *0.305 0.06 sv 0.215 0.053 705 3.467 
+ .. | *0.25 0.07 | 72] 0.062 | 0.033 | 0.248 | 0.886 
we 0.025 | 83] 0.038 | 0.024 | 0.253 | 1.52 
| + 1.54 0.085 0.008 0.004 0.023 
4.8 0.44 ss 0.006 0.006 0.069 
oo | | 8.25 | 1.98 | 76] 2.423 0.167 | 0.293 | 1.224 
+ 2.2 0.487 | 77 0.651 0.059 0.286 1.206 
| +] 4 | 29.8 7.24 0.449] 0.076} 0.015 | 0.082 
+ | 25.0 5.75 77 1.771 0.216 0.071 0.308 
de + | 4.9 0.72 85) 0.615 0.173 0.125 0.854 
| 22.0 | 5.75 | 74] 1.679] 0.142 | 0.076 | 0.292 
+] +] | 7-0 | 2.08 | 70) 1.823 | 0.183 | 0.262 | 0.754 | 
+ $ 40.0 11.06 72 4.015 0.365 0.100 0.363 | 
ee 1.3 0.31 77 0.984 0.156 ». 757 3.205 | 
1.7 O.44 74 0.108 0.017 0.068 0.248 
+ 4.5 1.184 | 74 0.890 0.082 0.752 | 
+ +] 65 | 1.56 | 76] 1271] 0.100] 0.195] 0.815 | 
+] | 2.25 | | OL] 0.415] 0.059] 0.332] 3.608 
4-| “00.0 8.3 7 1.1 0.132 0.025 0.123 
+ 1*25.0 3.74 0.288 0.037 0.011 0.077 
os + | *4.0 0.75 0.002 0.004 0.020 
| | ee > | “2.3 0.24 78 0.002 0.013 0.062 
co ve + 3.35 0.685 | 80 0.092 0.008 0.027 0.184 
os + 8.0 1.58 sO 0.013 0.002 0.002 0.008 
+]... 0.86 | 72] 1.753] 0.128 | 0.565] 2.033 
xa 1.7 0.54 os 0.261 0.048 0.153 0.483 
| | 16.1 4.69 70 2.021 0.119 0.125 0.451 
| 4.47 79 3.160 0.987 0.138 0.707 
5.85 | 74 5.609 1.889 | 0.245 
+ + *3.6 0.52 0.215 0.079 0.057 
| 98.0 0.51 74 1.630 0.563 0.815 
-- + | 6.9 1.55 77 0.547 0.060 0.079 
oe oe 21.1 3.38 0.155 0.028 0.028 
| + |°72.0 | 13.15 0.610 | 0.083 | 0.008 
..1 4 0.38 0.477 | 0.065 | 0.318 | 1.255 
3.1 0.87 0.569 | 0.084] 0.183 | 0.654 
| 5.82 | 1.34 0.762 | 0.152 | 0.131 | 0.569 
ter + ee + oe 4.29 1.007 0.034 0.068 0.148 0.681 
Loe | 3.6 0.608 | 0.115 | 0.035 169 
= + | 5.09 0.8 0.185 0.0387 0.036 231 
+ 2.5 0.65 0.246 0.033 0.098 | 378 
4 = | *2.25 0.36 0.108 0.005 0.051 300 
0.41 0.954 | 0.332 | 0.415 326 
3.73 0.98 0.892 | 0.059 | 0.235 910 
9.0 2.05 0.346 | 0.059 | 0.038 169 
4 3.25 0.66 79 0.138 0.028 0.042 209 23s, 
2.75 | 0.53 | 80] 0.031 | 0.004] 0.011 058 See of 
| 0.786 | 78 | 0.323 | 0.064] 0.089 410 
| .. | + | 95.0 10.29 | 88 | 2.213] 0.287] 0.023 
Be 0.44 | 83] 0.185 | 0.021] 0.071 .420 

| 

0.55 | 80] 0.799] 0.125] 0.275] 1.452 | 
1.69 | 73 | 2.702 | 0.397] 0.422] 1.599 
= + 6.4 1.44 7 0.222 0.041 0.084 0.154 
I: 52.38 | 83] 2.410] 0.070) 0.016 | 0.02 | 
ionte 0.77 73 0.399 0.039 0.137 0.519 
ual oa + | 7.69 79 0.473 0.085 0.012 0.061 
| [se] | 0-093 | 0-132 | 0.516 | 
| 1.71 | 7] 1.842] 0.297 | 0.230] 1.077 
0.25 83 0.200 0.m3 0.139 0.800 
44 4 0.65 | 80] 0.383] 0.082] 0.112 | 0.580 
3.0 0.54 82 0.400 0.081 0.133 0.741 
0.31 S4 0.138 | 0.042 | 0.069] 0.445 
3.2 1.02 6s 3.325 0.358 1.0389 3.261 
1.3 0.29 | 78] 1.384] 0.204] 1.064] 4.772 
werey 1.5 0.25 83 0.107 0.721 0.071 0.428 
0.42 | 84] 0.664] 0.063] 0.302] 1.443 
4.27 | 76 | 6.659] 1.233] 0.289] 2.563 
67.7 16.4 7 | 9.124 0.912 | 0.134] 0.538 
0.65 | | 0.666} 0.081 | 0.190 | 1.028 
2.2 062 | 80] 1.538] 0.218} 0.480] 2.480 | 
“1.0 0.21 | 79 0.215 0.110 0.215 1.024 
| "6.1 1.2 | 76 1.284 0.218 0.251 1.076 
0.77 74 0.554 0.097 0.168 0.719 
| 4 1.7 0,28 83 0.185 0.041 0.109 0.660 
83.65 0.95 74 1.891 0.320 0.512 1.990 
7.7 83 | 0.102] 0.019 | 0.013 | 0.077 
+ 4.0 78 1.544 0.249 0.056 0.261 
adh 1.3 0.22 83 | 0.107 | 0.012 0.088 0.480 
4 | oo 3.19 89 | 0.986 | 0.083 0.023 0.308 
t "1.0 2.467 82 0.987 | 0.066) 0.065 0.369 
| *3.0 0.49 | 84! 0.296!) 0.031 0.009 | 0.534 

| + | *$.5 0.60 0.0389 | 0.022 | 0.115 
+ | *0.95 0.23 | 7 0.009 | 0.095 | 0.410 

*3.5 0.70 | 80 0.232 0.510 2.738 
+ | | 4.1 0.82 41 0.709 | 0.131 0.173 | 0.865 
: | + | oe oe | *2.1 | 0.34 0.923 0.205 0.439 2.714 
+ 1*33.5 4.44 92 0.301 0.056 0.009 0.070 
+ 41.0 5.33 87 0.330 0.088 0.008 0.081 
+ | | "47.0 12.35 | 73 | 32.480 | 2.557 | 0.691 2.630 
+ | 4 "4.15 0.74 | 82] 0.246] 0.072] 0.078 | 0.322 
oof | 0.99 0.507 | 0.086] 0.108 | 0.513 


“Weights are, in most cases, abridged to a single figure to right of decimal point This should be 


| 

| 
| 
| 

| 

{ 
| 
| | 


} } | | | | nancy. Died tetany Jan. 24, 1908; aborted 


ud be noted in referring to the figures in the iodin column, for the latter were computed on the actual weights 
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found in the dog. The problem of human goiter at the present time is 
practically one of a study of toxic (exophthalmic) goiter, since the sim- 
pler forms are easily controlled, 

The investigations in the past have been largely concerned with the 
elaborations of methods of treatment or a discussion of the various svmp- 
toms and signs. The underlying factors of most of these signs and 
symptoms are either unknown to us or are common to other nervous and 
mental affections as well. Further advance in our knowledge as to the 
nature of the process from the purely clinical side is, therefore, scarcely 
to be expected. The first step in undertaking a systematic study of 
exophthalmie goiter, it seems, should he that of providing a definite, 
strict anatomic classification, checked in every instance by chemical and 
physiologic examinations of the thyroid, after which we must seek to 
bring the clinical observations into relation with these findings.** 


CONCLUSIONS. 


~ 1. Iodin is necessary for normal thyroid activity. 

2. Iodin is the main index to the physiologic value of the thyroid 

secretion (thyreoglobulin) to the body. 
3. The percentage of iodin varies with the amount of colloid in the 
several degrees of hyperplasia; the colloid varies inversely with the de- 
. gree of thyroid hyperplasia; the iodin varies inversely with the degree 

of thyroid hyperplasia. 

4. The colloid gland (goiter) is the quiescent or normal state of a 
gland which has previously been a glandular hyperplasia and obeys all 


the biologic laws of a normal gland. 

5. In the classification of thyroid changes (excluding infections and 
neoplasms) four major groups must be recognized, viz.: (1) normal 
glands, (2) colloid glands, {3) hyperplastic glands (all grades), (4) 
complications engrafted on any of the three preceding groups. 

6. The ability of the thyroid glands to store iodin depends on the 
degree of glandular hyperplasia rather than on the form or mode of ad- 
ministration of iodin. 


47. It is impossible to ascertain the anatomical condition of the gland except 
by histologic examinations, and in the determination of normal glands this is 
doubly important. It should be pointed out that in a scientific investigation 
there is no “normal gland for a district,” as was stated by Oswald. He consid- 
ered a gland non-goitrous in Switzerland if it weighed less than 95 gms. (normal 
adult sea coast glands average 30 to 40 gms). Our standard of normal is bor- 
rowed from the sea coast type of gland and in goitrous districts this standard is 
rarely attained. 


JODIN IN THE THYROID, 


os4 

7. The optimum therapeutic effects of iodin on the thyroid gland are 
only obtained with doses vastly smaller than those usually employed. 

8. The percentage of iodin which a thyroid may contain is variable, 
but the minimal percentage necessary for the maintenance of normal 
gland structure is quite constant. 

9 Commercially desiccated thyroid has a very inconstant iodin con- 
tent and, therefore, has a variable physiologic activity and therapeutic 
value. 

10. The problem of human goiter, both anatomically and chemically, 


should be investigated along lines similar to those adopted for the dog. 
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Lenhart and M. B. Bonta 


| 

| 


LYMPHANGITIS AND PERILYMPHANGITIS OF THE LIVER 
IN THEIR RELATIONS TO THE INFLAMMA- 
TIONS OF THE ORGAN. 
HORST OERTEL. 
NEW YORK CITY. 


| From the Russell Sage Institute of Pathology, New York City Hospital. | 


The importance of the lymphatics in the inflammatory lesions of 
parenchymatous organs is well recognized. They are not only frequent 
carriers of infection, but in the absorption of inflammatory products 
their condition becomes a paramount issue in the ultimate fate of the 
organs. 

We know that in pneumonia, for instance, the state of the lymphatics 
determines the resorption of the exudate and, therefore, the termination 
of the whole disease. Obliteration of the lymphatics by an acute 
lvmphangitis and perilymphangitis retards the resolution until these 
paths have been cleared, and, if this does not take place, aids the ter- 
mination into gangrene or abscess. Again, permanent destruction of 
lvmphaties, as in chronic essential emphysema and in senile atrophy of 
the lung, are grave factors against rapid removal of inflammatory exu- 
dates and are almost entirely responsible for the long-continued, irregular 
course often taken by inflammations of the lungs, as well as for their 
frequent fatal termination in persons who already have the above-men- 
tioned diseases. The same considerations apply with equal force to other 
parenchymatous organs. In the liver, however, their importance as car- 
riers of infection and as determining factors in the course and termina- 
tion of inflammatory lesions has been less emphasized than in connec- 
tion with other organs—certainly much less emphasized than the roéle 
of the bile ducts and blood vessels, especially the vessels of the portal 
circulation. It is erroneous, however, to believe that the lymphatics of 
the liver may be disregarded or viewed as of secondary importance, for 
they present very definite and important changes in the various inflam- 
matory conditions of this organ. 

[ shall confine myself in this article to the condition of the lymphat- 
ics in the “acute,” “subacute,” and “chronic” inflammations. For their 
study we have had unusual opportunity in this laboratory during the 


last few vears, and some interesting cases have already been described 
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in their main features.!. These cases, of which I need not repeat the 
inflammations occur- 


details here, as well as some other typical “acute’ 
ring in connection with general infections, “chronic” forms, given in cir- 
rhosis of the liver, and finally some found in acute exacerbations of 
“chronic” cirrhosis, furnish the basis of these observations. I shall dis- 
regard for the present specific affections, like the infective granulomata, 
in their relation to the lymphatics of the liver, leaving them for future 
consideration. 

The liver, as is well known, is supplied by a rich network of lymphat- 
ies which is derived from two sources. The first and most important set, 
as far as the parenchyma is concerned, is that which accompanies the 
portal vessels, the bile ducts, the hepatic artery and the hepatic vein. The 
second and superficial set forms an extensive network within the capsule, 
and communicates with the first by means of channels through Glisson’s 
capsule. Whether lymph channels occur within the acini is still a 
disputed question. From the pathological standpoint both of these 
lymphatic systems of the liver appear to have at least some degree of 
independence, for severe affections may remain confined to one with- 
out involving the other. Perhaps the best illustrations of this dis- 
tinction are found in cases of Curschmann’s so-called “sugar-glazed” 
liver, which is a hyperplastic deforming perihepatitis, or in cases of 
Pick’s pseudocirrhosis, or in cases of polyserositis or hyaloserositis. 
Common to all of these is an enormous productive inflammatory thicken- 
ing of the serous coat of the liver with extensive involvement of the 
superficial lymphatics only. On the other hand, in my experience, it is 
very rare to find extensive lymphatic involvement of the superficial or 
capsular set in inflammations of the liver itself, but these show marked 
disease of all internal lymphatics of a type which I shall presently de- 
scribe. The only exceptions are cases in which a complicating peritonitis 
affects the lymphatics of the capsule. 

It follows, therefore, that as far as the fate of the liver itself is con- 
cerned the affections of the internal lvmphatics are the paramount issue, 
and I shall confine myself to them. 

First, then, with regard to the so-called acute and subacute (better, 
exudative and productive) inflammations.? I shall consider these together 
on account of their close relationship and the similarity of the affections 


1. Symmers, D.: Am. Jour. Med. Sci., 1908, exxxv, No. 2. 

2. 1 use these terms in Cohnheim’s and Orth’s sense: Cohnheim, Vorlesun- 
gen tiber allgemeine Pathologic, 1877, p. 281; also Orth’s Lehrbuch der speziellen 
pathologischen Anatomie, Berlin, 1887, Preface p. 4. Others speak of prolifer- 
ative instead of productive inflammations (Ziegler). 
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Fig. 1.—Exudative lymphangitis and perilymphangitis of a portal space (exu 
dative interstitial inflammation of the liver); acute diffuse hepatitis. a. Blood 
vessel. 6. Dilated lymph spaces filled with serum, leucocytes, mononuclear cells 
(desquamated endothelial cells.) ¢, Adjoining cloudy liver-eells. Zeiss: Oil 
immersion 2 mm. Oeular 4 mm, 
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of the lymphatics in the two. Changes occur here partly within and 
partly without the lymphatic channels of the interstitial tissue between 
the lobules. The lymphatics are generally dilated with stagnant lymph: 
they are filled with coagulum and large and small mononuclear cells of 
the lymphoid type, desquamated endothelial cells and polymorphonuclear 
leucocytes (Fig. 1). In some cases this condition is well marked in the 
initial stages of the lesion, and it may form the central feature of the 
an acute lymphangitis. 


inflammatory affection of the interlobular septa 
It may be immediately recognized by the regular streaky infiltrations of 
the interstices following exactly the line of the lymphatic courses. More 
frequently an involvement of the surrounding structures follow. As a 
result of the blocking of the lymph stream, the perilymphatie tissue 
becomes edematous (Fig. 1). This leads primarily to widening of the 
tissue spaces around the lymphatics, and the cellular infiltration with 
lymphocytic cells and polymorphonuclear leucocytes extends now to these 
structures. It may remain confined to the tissue spaces in the immediate 
neighborhood of the lymphatics, or it may, especially in advancing 
lesions, infiltrate more or less diffusely all the interstitial tissue. In 
other words, the lymphangitis becomes associated with a perilymphan- 
gitis. 

The anatomic distribution of the lymphatic channels in the liver, 
which is mainly along the paths and in the sheaths of the vessels and 
the bile ducts, necessarily implicates them in all affections which take 
their origin from or around these latter structures. Even in these cases 
the lymphatic involvement, although secondary, becomes of great impor- 
tance in the dissemination of the inflammation, for the lymphatics will 
not remain locally affected, but will carry infection to other distant 
parts of the liver substance. This factor reserves for the lymphatics a 
certain independence even in those cases in which they have become sec- 
ondarily affected as the result of primary biliary and vascular infections. 
In other words, it is not necessary that the lymphangitis and _peri- 
lymphangitis progress pari passu with the inflammation of the duets 
and the vessels; nor does the severity of the lymphatic affection stand in 
a constant definite ratio to that of the bile ducts or the blood vessels. 
The active inflammatory process of the lymphatics necessarily mod- 
ifies the extension and severity of the affection in each case. It has 
already been mentioned that we must attach to them an important 
role in the dissemination of a lesion. On the other hand, early and 
complete plugging of the lymphatics would form an aid for the localiza- 
and herein lies a very essential feature— 


tion of an infection. Further 
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all resorption of inflammatory products must be delayed or entirely sus- 
pended in areas thus affected, as long as the lymphatic circulation is in- 
terfered with by blocking of lymphatic and _ perilymphatic spaces. 
Whether, then, the liver is restored to its former integrity, or whether 
inflammatory changes will continue to spread or become permanent, de- 
pends largely on the status of the lymphatics. In order to have restitu- 
tion to integrity it becomes necessary here, as in other parenchymatous 
organs, to have clear lymphatics. Although a morphological control is 
not possible, there can be no doubt that this occurs in a large number of 
cases in which the liver is “acutely” affected, but in a number of others, 
and they are the ones going on to productive inflammation and to true 
cirrhosis, restitution and clearing of lymphatics does not take place, but 
they show changes which, while they are not of the same exudative type 
as those previously described, are just as definite and important in their 
relation to the ultimate outcome of the disease. In these delaved cases 
of restitution, in which the progress of the disease is manifest, the 
changes in the lymphatics are especially characterized by endothelial pro- 
liferation of their walls. This endothelial proliferation leads not only 
to thickening of the wall, but gradually to obstruction of the lumen of 
these vessels, for endothelial cells gradually accumulate within the chan- 
nel and sooner or later the lumen is entirely closed. This obliteration is 
considerably aided by free fibroblastic proliferation from without, which 
further tends to compress these lymphatic channels. The occlusion of 
these interstitial lymphatics goes, then, hand in hand with the formation 
of maturing fibrous connective tissue (Fig. 2). An interesting feature in 
this connection is the formation of new lymph channels along with new 
capillaries. Undoubtedly they serve here the same compensatory purpose 
that the newly-formed capillaries do, but, unfortunately, a large number 
of these newly-formed lymphatics suffer the same fate that many of the 
newly-formed blood vessels do; they are gradually squeezed out of exist- 
ence in the maturing and growth of the increasing connective tissue. 
These more slowly progressing changes in the lymphatics are no less 
important in the productive inflammations of the liver than they are in 
the exudative conditions. In the first place, it seems evident that a large 
number of cases that begin as exudative interstitial hepatitis are consid- 
erably aided in assuming an additional productive character or in becom- 
ing purely productive, by obliteration of the lymphatics; for this must 
necessarily interfere with the proper lymph stream and thereby with the 


proper nutriment of the parts, and thus with the resorption of the 


inflammatory products. As a consequence the parenchyma suffers severely 


| 
\ | 


ARCHIVES 


ILLUSTRATING 


Fig. 2.—Kecent productive hepatitis with productive Iymphangitis around 


the vessels. Zeiss: Objective 16 mm. Ocular 12 mm. 
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and progressively; it degenerates and wastes, and favorable conditions 
for the production of a cirrhosis are given. Then, as fibroblastic prolif- 
eration progresses from outside, and their own endothelial proliferation 
from the inside, the interference with these functions becomes greater 
and greater, and as a result the injury to the parenchyma increases cor- 
respondingly. While an attempt is made to counteract this by the for- 
mation of new lymph channels, along with newly-formed capillaries, 
this is in all probability not sufficient, and in the majority of cases these 
newly-formed lymphatics are not even permanent, but are lost by the 
slow but constantly progressing inflammatory production of new tissue. 

To recapitulate: Inflammatory conditions of the liver are associated 
with an exudative lymphangitis and perilymphangitis. If, in the sub- 
sidence of the inflammatory irritation, the Ivmphatices are cleared and 
nothing stands in the way of resorption of inflammatory irritants and 
products, a change to the normal may take place. If, on the other hand, 
the lymphatics are not cleared, they form an essential factor in the estab- 
lishment of a progressing inflammation in the form of an exudative and 
productive or pure “cirrhosis” of the liver. 

Viewed in this light, some forms of cirrhosis of the liver appear pri- 
marily only as an inflammation of the portal spaces, which, on account 
of unfavorable conditions, particularly for resorption, and a consequent 
interference with nutrition, lead to degeneration and loss of parenchyma. 
This is necessarily followed by a fibroblastic proliferation which replaces 
wasted areas. Maturing in the more slowly progressing forms, this in- 
flammation is apt to undergo frequent exudative exacerbations. ‘These 
will involve the lymphatics in exactly the same fashion as in a previously 
normal liver, and they will, therefore, become diffuse and lead to further 
injury of the parenchyma. In a liver already much changed such acute 
exacerbations are apt to lead to speedy exitus. 

[ said before that I believe that some forms of cirrhosis have this 
pathogenesis, for I do not want to imply that a// are the result of such 
changes. On the contrary, there are undoubtedly forms which commence 
with marked injury to the parenchyma as well, and in those a hyper- 
plastic proliferation of the connective tissue seems to follow more closely 
in the path of this primary, parenchymatous destruction. Histologically 
these two forms present distinctions. The first group includes all those 
cases in which, especially early in the disease, the parenchyma appears 
relatively well preserved, and the inflammation and formation of fibrous 
tissue appear almost out of proportion to the degeneration of the 


parenchyma. In the second group, however, are all cases in which the 
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parenchyma shows, even early, an extensive parenchymatous and fatty 
degeneration, bile imbibition and various forms of cytolysis. There the 
inflammatory interstitial changes are irregular, not so distinctly periin- 
sular, but diffuse, plainly intralobular, and this diffuse infiltration which 
allows free invasion of inflammatory products is made possible by pri- 
mary, severe involvement of the liver cells themselves. In this connec- 
tion I should draw attention to the fact that the classification of the 
various forms of cirrhosis of the liver, which has been especially at- 
tempted by the French and to a large extent followed in this country, 
appears perfectly impossible from an anatomical standpoint, for these 
forms appear of such close relation, and merge so freely into one another, 
that it seems unjustifiable to attempt to hold the cirrhoses too rigidly 
into definite classes. We should rather view them as of a uniform nature 
modified only by the number and quality of surrounding conditions in 
each case. 

One great mistake which has frequently been made, even by patho- 
logic anatomists, the distinction of two great groups of cirrhoses, namely, 
the so-called interlobular and intralobular forms, is certainly based on 
false interpretation. As a matter of fact, all forms of cirrhosis are intra- 
lobular, for there is no cirrhosis, not even the old typical Laennec’s cir- 
rhosis, which is not intralobular. The pictures in this form of cirrhosis 
which have been wrongly interpreted as being the result of a distinctly 
interlobular formation of fibrous tissue do not in reality present such a 
process. They are produced only by the slow advance of bands of mature 
fibrous tissue into the liver parenchyma whereby groups of liver cells are 
cut off from their surroundings and appear in the form of islands, which 
have been wrongly interpreted by some writers as representing always 
individual lobules or groups of lobules. More correctly, these islands are 
frequently produced by cutting off various portions of a number of acini 
by a distinctly intraacinar growth of fibrous connective tissue. The dis- 
tinction between this form of cirrhosis, then, and the so-called intra- 
lobular form lies not in a characteristic typical distribution of connective 
tissue, for in both of them this is an intralobular growth; it depends 


rather on the surrounding conditions of each case, which in the one 
limit its growth by better parenchymatous preservation, while in the 
other the growth is diffuse from the start on account of the greater injury 
to the parenchyma. Whatever other features may become associated with 
any case, they are not characteristic of particular groups of cirrhotic 
processes, but are determined by the accompanying conditions of each 
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case. These are mainly angiocholitis, bile duct formation, and lesions 
leading to stasis and ascites. 

The terms interlobular and intralobular, as distinctive features of 
types of cirrhosis, are, therefore, false, and for descriptive purpose the 
terms periinsular and diffuse would be decidedly preferable. Undoubt- 
edly combinations of the two classes are not infrequent, and this is es- 
pecially well shown in cases of old periinsular cirrhosis which undergo 
exudative exacerbation. Here observation proves, in addition to the old 
mature periinsular cirrhosis, the recent more diffuse spread of inflam- 
matory products. This may be interpreted as being due to the result of 
the previous interstitial inflammation, as I outlined it above, which has 
injured the remaining cells sufficiently to allow a free entrance of the 
inflammation into the remaining islands whenever an exudative exacer- 
bation occurs. All “acute” exacerbations, then, of chronic cirrhosis lead 
to the so-called “mixed forms,” that is, to a very diffuse distribution of 
the newly-formed fibrous tissue, which must, necessarily, be associated 
with more complicating secondary results than the limited old form upon 
which it was implanted. 

In the discussion of the pathogenesis of cirrhosis of the liver we have, 
as is well known, two opposing views. Some regard it as a primary in- 
flammatory interstitial growth and consider that the loss of parenchyma 
is dependent upon it. Others, however, deny the possibility of this ex- 
tensive connective tissue proliferation without previous injury and waste 
of parenchyma, and believe the fibrous tissue growth to be an entirely 
compensatory process. 

I am inclined to take a stand somewhat between these two, and more 
or less reconciling them, inasmuch as I believe that the origin of the 
true cirrhosis of the liver must be looked for in the interstitial intlam- 
mation; and that either this may be associated from the start with a 
severe injury to the parenchyma, which involves diffuse, irregular, fibrous 
tissue growth throughout the liver, or the parenchyma may become in- 
volved much more gradually and largely secondarily on account of the 
previously outlined progressive features of this interstitial inflammation. 
In such instances the parenchyma wastes more slowly, as a consequence 
of which the connective tissue grows in a more or less periinsular fashion. 
While, then, the origin of the cirrhosis is primarily an interstitial in- 
flammation, the cirrhotic process proper is eminently a compensatory 
process which depends upon extensive or more slowly progressing, irregu- 
lar destruction of the parenchyma. A combination of the two types is 
possible and not at all infrequent. 
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I can not leave this subject without a few remarks about the so-called 
hypertrophic cirrhosis, or Hanot’s type. A proper discussion of this 
lesion, which, as some insist, is a distinct anatomic and clinical entity, 
is made extremely difficult by the conflicting testimony of its own advo- 
cates. The characteristic features of this so-called entity have been 
variously described, either more grossly as hypertrophy or, better, as 
enlargement of the liver with a smooth surface and jaundice, a large 
spleen and no ascites, or, microscopically, as an exclusively intralobular 
formation of thin connective tissue fibrils between individual liver cells 
around the bile ducts, with cholangitis and new bile-duct formation, and 
finally preservation of liver cells. Some would regard one or the other, 
or several of these, as the distinguishing features, and dispute the others, 
and few agree even with Hanot himself about the character of the 
process. This disagreement of authors has gone so far that a few now 
proclaim that the intralobular formation of delicate fibrous connective 
tissue, which is by every one practically admitted to occur in this disease, 
was not a feature of the original findings of Hanot. 

Cases of cirrhoses with more or less smooth enlargement of the organ 
were observed from time to time before Hanot, and Hanot himself has 
drawn attention to these in several of his writings on the subject. No- 
table among them is the one by Havem,® 1874. But it was Hanot who 
primarily insisted on the establishment of a special type on the basis of 
some cases which he had collected and presented in 1876. He founded 
his description on a number of partly anatomic and partly clinical pe- 
culiarities, which, in order to avoid confusion, I will quote in his own 
words found on page 89 from the original publication :* 

It is, therefore, clear that Hanot recognized from the start an intra- 
lobular as well as an interlobular connective tissue growth without con- 
traction, and also a catarrhal condition of the bile ducts with their abnor- 
mal development. His clinical characteristics need not detain us here, 
but it is interesting to know that he distinctly contrasted the pathogenesis 
of atrophic and hypertrophic cirrhosis, inasmuch as he was led to believe 


3. Hayem: Contribution a Vetude de Vhepatite interstitielle chronique avec 
hypertrophie (sclérose ou cirrhose hypertrophique du foie). Arch, de physiol., 
IS7T4, i. 

4. Hanot, V: Etude sur une forme de cirrhose hypertrophique du foie (cir- 
rhose hypertrophique avec ictere chronique), Paris, 1876. 

Parmi les différentes lésions du foie qui ont été englobées seus la dénomination 
de cirrhose hypertrophique, il en est une qui est vraiment spéciale, et qui se com- 
pose des éléments suivants: selérose extra-lobulaire trés-agcus¢e et sans tendance 
fi la rétraction du tissu conjunctif de nouvelle formation; souvent aussi sclérose 
intro-lobulaire; developpement anormal et catharre chronique des canalicules 
biliaires. 


Fig. 3.—Periinsular and diffuse sclerosis; exudative and productive hepatitis. 
from a large but distinctly granular and much jaundiced liver. It) shows a 
variety of lesions: In the center the type is that described by Kretz; at the 
periphery more a simple periinsular sclerosis. Bile-duct formation and angio 
cholitis moderate and irregular, Zeiss: Objective 16 mm., ocular 6 mm. The 


photographs are by Mr, A. J. Martin, artist to the Russel! Sage Institute, 
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that the atrophic cirrhosis took its origin around the radicles of the portal 
vein, while it was characteristic of the hypertrophic cirrhosis with icterus 
that it took origin from the bile canalicule. In his later monograph 
on the subject® he also emphasizes the good preservation of the liver cells. 

In the subsequent discussion of the disease, however, all of these 
various features which Hanot advanced then, and later in modified form, 
have been put forward as characteristic by its supporters, notably in order 
to save the disease from being disregarded as an entity. At present there 
are a number of different conceptions which are more or less removed 
from Hanot’s ideas, but which still go under the name of Hanot’s cir- 
rhosis, all the distinguishing features which were originally and subse- 
quently claimed for this disease having gradually been denied, differently 
interpreted or found in other forms of cirrhosis. 

Hanot, as we have seen, speaks of an interlobular and intralobular 
cirrhosis, but he himself attached much greater significance to the bile 
ducts and the origin of the disease from them than to the cirrhotic lesion 
itself. Subsequent investigators, however, have paid more attention to 
the distribution of the connective tissue, and have even gone so far as 
to disregard the involvement of the bile ducts or the origin of the lesion 
from them, which was particularly emphasized by Hanot. This is 
especially true of some of the German writers who have accepted the 
division of cirrhosis into the atrophic and hypertrophic forms.  NKauf- 
man,” for example, claims as characteristic of Hanot’s cirrhosis an ex- 
tremely fine, diffuse intraacinar connective tissue proliferation, and dis- 
tinguishes it distinctly from biliary cirrhosis. He further differs from 
Hanot in stating that the liver cells, that are definitely involved, contain 
fat and bile pigment, become atrophic and disintegrate with the forma- 
tion of clumps of bile. He refutes the idea of good preservation of liver 
cells in hypertrophic cirrhosis as a false interpretation of attempts at 
regeneration, the latter having been demonstrated through the finding 
of karyokinetie figures by Prus. Very similar are the ideas, with regard 
to hypertrophic cirrhosis, which are held by Kretz,? who presented two 
livers before the German Pathological Society in 1905, which he con- 
sidered typical of Hanot’s disease. ‘These cases were characterized by a 
diffuse intralobular formation of fibrous tissue with considerable atrophy 
of liver cells, vacuolization, and fatty infiltration, but without capillary 

5. Hanot, V: La cirrhose hypertrophique avee ictére chronique, Paris, 1892. 

6. Kaufman, E: Lehrbuch der speziellen pathologischen Anatomie, 1907, 


7. Kretz, R.: Ueber die Abgrenzung der Hanotischen Krankeit gegen die 
Lebercirrhose mit Ikterus. Verhandlungen der deutschen pathologischen Gesell 


schaft, 1905. 
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cholangitis, bile imbibition, or bile thrombi. He, therefore, claims as 
the distinguishing feature of Hanot’s cirrhosis, diffuse intralobular con- 
nective tissue growth without capillary cholangitis. It is perfectly clear 
from the foregoing that, while Kretz speaks of these as Hanot’s cirrhosis, 
this cirrhotic process has not much in common with the ideas which were 
advanced by Hanot, since the latter paid particular attention to the in- 
volvement of the bile ducts and the good preservation of the liver cells. 
While, then, some of the Germans consider that Hanot’s cirrhosis consists 
of diffuse smooth enlargement of the liver with considerable bile im- 
bibition but no capillary cholangitis, and with a destruction of the liver 
cells, others follow Charcot and proclaim this a special feature. Rolles- 
ton* has retained more or less the original typical Hanot description 
and groups it as biliary hypertrophic cirrhosis. 

On the other hand, some pathologic anatomists refuse to recognize 
any of these features as sufficiently characteristic evidence to permit of 
the establishment of a definite classification, and with these I must agree. 
In the first place it has been held that it is characteristic of the so-called 
hypertrophic cirrhosis to show a lack of contraction due to an even dis- 
tribution of the cirrhosis, but that this may be found in other varieties 
of cirrhosis has long been well known. In fact Orth, in his text-book of 
special pathologie anatomy,” describes distinctly cases of smooth atrophic 
cirrhosis which are due to a very fine uniform distribution of the connec- 
tive tissue. We have in our collection in this institute a perfect example 
of such a cirrhosis, which presents a smooth surface as the result of very 
general and even connective tissue growth which goes hand in hand with 
a corresponding loss of hepatic substance. On the other hand, there 
oceur cases of cirrhosis with jaundice and marked enlargement of the 
organ which are distinctly granular as a whole, or in places. How are 
these to be regarded? The integrity of the liver cells which has been 
proclaimed as distinctive by some writers can not be held to be in any 
way characteristic. That feature is open to too much variation, and in 
every cirrhosis, especially in the typical atrophic forms, one will run 
across many areas of parenchyma which appear well preserved, to say 
nothing of the attempts at regeneration which have been shown by Prus. 
Again, in the forms with marked enlargement and jaundice the paren- 
chyma may be diffusely and severely altered. 

With regard to the distribution of the cirrhotic tissue itself, I have 
already stated that all cirrhoses are intralobular as well as interlobular, 


8. Rolleston, H, D.: Disease of the Liver, 1905. 
9. Orth, J.: Lehrbuch der speziellen pathologischen Anatomie, 1887, i. 
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and that a periinsular cirrhosis may at any time become a diffuse intra- 
lobular form, if in the course of exacerbations the remaining islands 
should become injured to such an extent as to allow of an invasion of 
connective tissue in the form of denser or fine fibrillar bands into them. 
Finally, the presence of cholangitis and bile duct formation can certainly 
not be characteristic, for these occur in a number of cases of ordinary 
cirrhosis, and, as the observations of Kretz show, they may even be absent 
in cases which otherwise entirely resemble Hanot’s cirrhosis. It will, 
therefore, be seen that the conditions which may be associated with 
smooth or granular enlargement of the liver and with jaundice are 
variable and depend upon even more different conditions than were found 
by the originator of the term. The absence or presence of accessory con- 
ditions, like jaundice, ascites and splenic enlargement, can certainly not 
be utilized in the classification of the cirrhotic lesion, for they depend, as 
I have outlined above, upon a number of extremely variable pathological 
lesions which are partly the result of the cirrhotic process itself, and 
partly of superadded, concomitant, and more or less independent lesions. 

At this present stage of our knowledge it seems unjustifiable to insist 
on the establishment of definite classes of cirrhoses of the liver. We 
have to deal here with variations which allow such frequent combinations 
that even clinically we can not gain much by attempting to do this 
(Fig. 3). 

At the symposium on nephritis before the German Pathological Soci- 
ety in 1905 Orth made this remark at the end of the excellent presenta- 
tions of Ponfick and Fr. Miiller on the subject: 

Die Lehre von der Nephritis enthiilt so viele Einzelfragen, dass wir tagelang 
diskutieren kinnten, wenn wir sie alle eigehend behandeln wollten, ich werde 
mich deshalb nur auf einige kurze Bemerkungen beschiinken. Es ist vorher die 
Hoffnung ausgesprochen worden, dass man heute festere Grundlagen fiir die 
Nomenklatur und Systematik der Nierenkrankheiten gewinnen wiirde, ich glaube 
nicht der einzige zu sein, welcher das Gefiihl einer Enttiiuschung empfunden hat, 
denn wenn man das Resultat von Referat und Korreferat ijibersieht, so muss 
man doch sagen, das dasselbe nur ist, dass wir noch fast nichts wissen, 


The same sentiments I voice to-day in another subject after a review 
of our knowledge and some independent study of the inflammations of 
the liver. Those who believe that morphological investigation of diseases 
of organs has reached its final results should appreciate that we have 
really just begun to correlate our morphological experience and develop 
the variations in its relations. In the future, as in the past, no proper 


idea of a disease will exist without knowledge of these relations, and both 
the pathologist and the clinician of to-day should appreciate that proper 
conception of a disease can stand only on this basis. In the gradual evo- 
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lution of pathological conceptions a great many previously established 
sharp lines of demarcation are wiped away, just as they gradually disap- 
peared in zoology after the appreciation of the theory of evolution. 

Ciuided by these considerations, [ now use the following very broad 
classification for diffuse inflammations of the liver, which, although it 
does not draw rigid lines, allows of the combination of variations which 
are much closer to the actual anatomical finding. 

I have discarded entirely the terms acute, subacute and chronic, 
which have no place in anatomic terminology, and have substituted de- 
seriptive terms which allow proper anatomical conceptions. 

1. | speak of degenerative exudative hepatitis, now called acute hepa- 
titis, in cases which are characterized in varying degrees and in varying 
combinations by cellular exudation taking origin from the portal spaces, 
by lymphangitis, perilymphangitis and cholangitis, by diffuse parenchy- 
matous and fatty degenerations of the liver cells, and by evtolysis and 
bile imbibition. 

2. 1 speak of degenerative productive hepatitis in cases which are 
now grouped as subacute hepatitis, and divide them into two forms: the 
first with a more rapid loss of substance, grossly appears more or less 
granular, the second with a much more gradual loss of substance has 
consequently a more uniform, even distribution of connective tissue and 
is, therefore, smooth. Both of these may be associated with either en- 
largement or diminution in size of the liver. They are characterized, 
microscopically, by a productive cellular inflammation proceeding from 
the portal spaces, which is periinsular and diffuse: a productive 
lvmphangitis and a productive pericholangitis. It is further character- 
ized in varying degree, and more or less accentuated by, more slowly 
progressing, irregular, parenchymatous and fatty degenerations and 
fatty infiltration, cytolysis, bile imbition, and the formation of new, 
mature and embryonic liver cells (bile ducts). 

3. 1 speak of productive hepatitis, for which I also use the term 
sclerosis of the liver (which is to be preferred to cirrhosis of the liver), 
and this is characterized essentially by the formation of mature, periin- 
sular, or diffuse connective tissue formation; depending upon the loss of 
liver substance and the distribution of connective tissue, it is either gran- 
ular or smooth and goes along with enlargement or diminution in size 
of the organ. It further presents very slowly progressing, irregular, 
parenchymatous and fatty degenerations, and fatty infiltration, cystolysis, 
little or moderate bile imbibition, and the formation of mature and em- 
brvonie liver cells (bile ducts). 
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RECENT ADVANCES IN OUR KNOWLEDGE OF THE UNDER- 
LYING CHEMICAL PRINCIPLES OF DIABETIC 
ACIDOSIS. 


EDWARD H, GOODMAN, M.D. 
PHILADELPHIA, 

The literature pertaining to acidosis, with especial regard to its 
bearing on diabetes, has grown in the past few years to such dimensions 
that it is practically impossible for the general practitioner to keep fully 
abreast of the recent researches along this line. In reviewing the vari- 
ous articles pertaining to diabetic coma and its underlying condition, 
acid intoxication, it seems that since 1900 the work has taken on a dis- 
tinctly new and decidedly more interesting and valuable aspect, mainly 
due to the energy of German investigators. While most of the work has 
had to do with the theoretical and experimental side, vet for a thorough 
understanding of the subject it is absolutely essential that the busy 
practitioner, not interested generally in chemical research, should be 
acquainted with the more recent advances in this subject. It has seemed, 
therefore, fitting to compile reports of recent date, to review the most 
important papers in detail, to summarize results, and to put these re- 
sults in a paper of sufficient brevity to acquaint the average physician 
with the present status of diabetic acidosis. 

I have chosen, therefore, to limit this paper to a review of reports 
published from 1900 to the present time, for it is during this period 
that the most marked advances are seen. For a short history of the 
subject the reader is referred to Folin’s article.’ in which he concisely 
summarizes the history of the acid intoxication theory from the time of 
Boussingault. This part of the question will be omitted, and this paper 
will be confined solely to the subject of acidosis, with report of the work 
done on the origin of the acetone bodies, and the probable nature of the 
effects exerted on the animal organism by their presence. As much 
technical phraseology will be omitted as is concomitant with a clear 
representation of the subject, and the endeavor will be made to explain 
such chemical technicalities as can not well be avoided. IT have often 
observed that, whereas the average practitioner speaks glibly of acidosis, 
oxybutyric acid, diacetic acid and aceton, he has not the slightest con- 
ception of exactly what is meant by these names, but is rather like the 


1. The Jour. Am. Med, Assn., 1907, xlix, 128. 
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Harvard student who, on being asked his definition of “word,” replied 
that it was “a funny sound that means something.” 

Butyrie acid and acetic acid belong to the same group, the type of 
which is C,H,,0,. If there is one atom of carbon, there must be two 
atoms of hydrogen; if two carbon atoms, there must be four hydrogen 
atoms, and, no matter how many carbon atoms we have in the molecule, 
the hydrogen atoms are twice as many, while in each molecule there are 
never more than two oxygen atoms. Acids formed in this way are called 
fatty, because their higher members occur in the natural fats, and if 
(,H.,0, is remembered a series of fatty acids can be theoretically 
formed ad libitum. Starting, however, with the lowest fatty acid of the 
series, which must of necessity have but one carbon atom, we find 
CH,O,—H.COOH—or formic acid. The two oxygen atoms, one of the 
carbon and one of the hydrogen atoms, are always in the combination of 
COOH, which is called a carboxyl radical. The next acid in series must 
have the formula, C,H,,.0, in which the N == 2 and we have 
C,H,O,.—CH,.COOH or acetic acid. The next higher will be 
proprionic acid, and the next above 
C or butyric acid. Each division of these 
molecules is named according to its relation in the molecule to the 
fundamental unchanging carboxyl group. The one nearest to the 
carboxyl radical is said to be in the alpha position, a, and one on the left 
of the alpha 8, and the other y. 

If, by a process of oxidation, there is an oxygen atom inserted in any 
one of the a, B or y groups, we have formed an oxyacid, and if this 
oxidation happens to take place in the 8 position we have formed a B 
oxyacid, and if butyric acid is so oxidized 8B oxybutyric acid, 
CH,.CHOH.CH,.COOH. Supposing, however, the oxidation does not 
stop here, but that combustion continues. It has been found by chem- 
ists that the oxidation of the fatty acids in the body takes place usually 
in the B position, furthermore that successive oxidation takes place in 
the same position; in other words, the substance that is burned up by 
oxidation in the beta position continues to be oxidized in the same posi- 
tion. Accepting this as a fact, we see the following results: 


CH, CH, 
bo 
cH, bn, 
COOH Loon 


B-oxybutyric acid. Diacetic acid 
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in which the new body has been formed by deprivation of B-oxybutyric 
acid of two atoms of H, with the formation of water. 

On comparing this newly formed acid with acetic acid, CH,—COOH, 
we find it to be made up of two molecules of the latter, minus one mole- 
cule of water, thus: 


CH, 
HO-C-O CO 
or bu, 
boon 
Lon 
b 


If oxidation continues, and there is still further splitting off, we can 
imagine the following to take place, the new product arising by liberation 
of carbon dioxid CO,: 


CH, CH, CH, 
HOH > —> 0+ 
du, bu, 

boon ( OH aceton 


Aceton is also called dimethylketon, the CH, group being called 
methyl, and if in a molecule the various components are held together 
with CO, the body is called a keton. 

If normally by our qualitative tests we can detect no aceton in a 
specimen of urine, and we find it in a diabetic case, the organism’s power 
to burn up the aceton is impaired, and it appears as a danger signal 
referable to some disturbance of metabolism. In such a case, where no 
diacetic acid is detected, the organism is still sufficiently able to oxidize 
material past oxybutyrie acid, over diacetic acid, but can go no further 
than aceton. If, however, we find diacetic acid, there is grave disturb- 
ance, as the body has now lost the power to oxidize even this, and in 
such cases oxybutyric acid will generally be found, showing that marked 
metabolic disorders are present in the organism. 

The above is stated merely to review fundamentals concerned in the 


chemistry of acidosis and is not to be considered as actually taking 
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place, though such may be the case. With this elementary chemical 
preface understood, there will be a clearer idea of just what is meant by 
B-oxybutyric acid, diacetic acid and aceton, and it will probably make 
more intelligible to the average physician why he dreads the appearance 
of diacetic acid more than of aceton. 


I. ORIGIN OF ACETON BODIES, 


A. From Protein.—Schwarz' thinks that aceton is not derived from 
proteid, as in a diabetic, during nine days of carbohydrate fasting, there 
were 27 grams more aceton excreted than in a period of carbohydrate 
diet, and the nitrogen output was no higher in the first period than in 
the second, which would be the case if the protein tissue were being 
broken down. He thinks that aceton is an expression of increased fat 
destruction, as it is seen when the organism has to provide heat for 
itself, as in carbohydrate abstinence and in hunger. Blumenthal and 
Neuberg® state that Guckelberger and Cohn had obtained aceton from 
casein, and to study the question of origin of aceton from proteid they 
investigated the action of iron salts on gelatin, and, finding that aceton 
was produced, they proposed the hypothesis that the iron in the body 
has some effect on oxidation and probably plays a réle in the formation 
of aceton, Schwarz,* shortly after this, criticized the work of Blumen- 
thal and Neuberg, his main objection being that they should have dem- 
onstrated B-oxybutyric acid, and if aceton is found it must be obtained 
by oxidation of the former. He also states that Blumenthal and Neu- 
herg have not shown anything new, as Cotton, in 1899, had obtained 
aceton from gelatin, fibrin and casein by distilling with hydrogen 
peroxid, 

Orgler® produced aceton from crystallized egg albumin. Neuberg 
and Blumenthal® think that aceton may be formed from all three foods 
—protein, carbohydrates and fats—that the last does not account for all 
the aceton, and they believe that it is formed from protein tissue. Their 
later work is merely a confirmation of their former paper.* Baer? seems 
to hold the view that aceton is not formed from albumin, for so long as 
the animal remains in nitrogen equilibrium there is no increase of 
aceton, but, when this is disturbed, symptoms of acidosis appear. Satta,* 


. Centralbl, f. Stoffwechsel-u. Verdauungskr., 1900, 2. 
. Deutsch. med, Wehnsechr., 1901, p. 6. 

Id., 251. 

. Hofmeister’s Beitr., 1901-2, i, 583. 

6. Id., 1902, ii, p. 238. 

7. Arch, f. exper, Path. u. Pharmakol., 1903-4, li, 271, 
8. Hofmeister’s Beitr., 1904-5, vi, pp. 1 and 388, 
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in studying the condition of aceton formation, does not believe much in 
its origin from protein for the following reasons: 

(a) There is no relation between nitrogen and aceton output, 

(b) In diabetics, nitrogen equilibrium, even a storing up of nitro- 
gen, can be obtained without any decrease in the excretion of aceton 
bodies being seen. 

(c) Mangus Levy found that in one case 262 grams of protein was 
used up in three days, and 342 grams of B-oxybutyric acid were ex- 
creted, which is more than could be accounted for by supposing its 
origin to have been from albumin. 

(d) The objection that a proportion between nitrogen decomposition 
and aceton excretion can not be made because the breaking down of the 
protein molecule does not go to the end products, is contradicted by the 
relation between sulphur and phosphorus. It has been found that there 
is a constant ratio between these two, but none between aceton and sul- 
phur. 

(e) Rosenfeld, Hirshfeld and others have reported that much albu- 
min ingestion cuts down acetonuria. 

(f) It is very difficult to understand why small amounts of carbohy- 
drates, which only inhibit the albumin decomposition to a slight extent, 
should cause pronounced disappearance of aceton. 

Satta regards it as proved that the greater amount of aceton does not 
come from albumin. He remarks that the mere fact of having obtained 
aceton outside the body by the use of strong oxidizing agents has not 
much value, because the amount of aceton is small, no other substance 
beside aceton is obtained, and because a similar procedure in the organ- 
ism is not possible. Satta suggests that the aceton-forming bodies be 
classified as ketoplastic and antiketoplastic. The first contains those 
hodies which are regarded as the immediate sources of fatty acid aceton, 
and the second are inhibiting stuffs which prevent the formation of 
aceton or from which no aceton is formed (carbohydrates). 

Borchardt® investigated the action of monamido acids on the aceton 
output, and, knowing that protamins and histons contain but traces 
of monamido acids, egg albumin a moderate amount, albumin of pan- 
creas much, and casein a great deal, it would be expected that protamins 
and histons would have no antiketoplastic action, the action of the 
others being dependent on the amount of the monamido acids present 
in the molecule. At present, aceton formation is supposed to be from 


fat which contains ketoplastic groups—fatty acids—and antiketoplas- 


tie groups—glycerin. As the antiketoplastic group can be removed 


Arch. f. exper, Path. u. Pharmakol., 1905, lili, 388. 
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from the protein molecule, the question naturally arises, Has the pro- 
tein molecule, groups from which aceton bodies can be formed? If 
so, then those proteins which contain no antiketoplastic groups, as 
protamin and histons, should give an increased amount of aceton. For 
those proteins which contain only a moderate amount of inhibiting 
stuffs the result is not known, as the unknown ketoplastic and not 
wholly known antiketoplastic groups (leucin and monamido acids) are 
antagonistic, and it is not known which is the more powerful. But it 
is to be expected here that egg albumin poor in monamido acids has 
rather a ketoplastic action than the leucin-rich casein, whereas the pro- 
teid of the pancreas, corresponding to its leucin percentage, stands be- 
tween both. 

Borchardt states that Magnus Levy"! found such quantities of oxy- 
butyrie acid in the urine of cases of severe diabetes, that its origin from 
protein or fat bodies did not account for it, and another source of aceton 
must be sought. The breakdown of high fatty acids to bodies with two 
or three carbon atoms (Magnus Levy) to form aceton is from a chemical 
standpoint improbable, but can be neither proved nor controverted. 
Borchardt used carp’s eggs which contain 81 per cent. of nucleic pro- 
tamin, calf’s thymus containing 70 per cent. of nucleic histon, native 
and coagulated egg albumin, pancreas and nutrose, and found that feed- 
ing on protamin, histon and egg albumin caused a marked increase of 
aceton output, after pancreas he was uncertain, and with casein the 


aceton was diminished. His results do not correspond with Liithje’s"* 


experiment on diabetics. 

Liithje found after nutrose that the nitrogen, sugar and aceton were 
increased, but with thymus all sank, giving as an explanation that 
nutrose is burned up rapidly in the organism and consequently there is 
a high nitrogen output, its carbohydrate-forming groups are very great, 
and in diabetes this causes more sugar, and, as the unused carbohydrate 
formers do not act antiketoplastically, the aceton is increased. Calf’s 
thymus is more slowly used up, hence a diminution of nitrogen, and, as 
it contains no carbohydrate-forming groups, there is no sugar produced, 
and this would account for increase of aceton. The sinking of aceton 
means that casein contains antiketoplastic substances (carbohydrate 
formers), which, being stored up, are broken down in the after period 
and act during the period of thymus feeding as inhibiting stuffs.  y. 
Noorden found that the different albumin bodies acted differently on 
the excretion of aceton, the vegetable protein having less ketoplastie 


11. Quoted by Borchardt. 
12. Ztschr. f. klin. Med., xxxivx. 


EDWARD H, GOODMAN. 403 


power than egg albumin. Borchardt found that when nutrose was sub- 
stituted by three eggs the aceton increased, and this effect was more pro- 
nounced with 200 grams of meat. 

Owing to our lack of knowledge of the split products of albuminous 
breakdown, the meaning of these experiments is obscure. The fact that 
the protein bodies which are rich in carbohydrate producers (casein, 
pancreas) have no ketoplastic action, is in favor of the view that the 
carbohydrate-forming groups of the protein molecule are inhibiting 
stuffs; together with these antiketoplastie groups there is a ketoplastic 
group. Better known than the mother substances of aceton are the 
antiketoplastic substances—carbohydrates, glycerin, lactic acid, and, ac- 
cording to Borchardt’s experiments, probably a group in the protein 
molecule. 

As stated above, Magnus Levy found that no one group (neither fat 
nor proteid) could be regarded as being the mother substance of aceton. 
Of course, the fatty acids are now known positively to be a source of 
aceton, but it is not known what other substances have the same prop- 
erty, but Borchardt believes that there is a ketoplastie group in albumin. 
The percentage of monamido acids in protamin, histon, egg albumin, 
pancreas and casein is lowest in the order of substances named, as are 
also the carbohydrate-forming groups, whereas the ketoplastic power 
increases from casein up to protamin. Protamin, histon and egg albu- 
min increase the aceton output, the pancreas has no influence, and casein 
acts antiketoplastically. 

Borchardt gives another explanation, however. During pepsin and 
trypsin digestion, protein is broken down to so-called antigroupa, very 
resistant in nature, and to hemigroups, very readily broken up further. 
The first are forerunners of polypeptids and are ketoplastic; the latter 
are antiketoplastic. Casein is rich in hemigroups and consequently is 
easily broken down; whereas protamin is hardly digested by trypsin at 
all, and only exceptionally is broken down to proton. This theory means 
more than that the antigroup contains certain monamido acids, as 
leucin, for other amido acids, as glykopoll, belong exclusively to the 
antigroup. The different action of the same monamido acid in the 
hemi- and antigroups can be explained by supposing different union in 
the proteid molecule. 

Which of the theories is correct has not been decided, but it is cer- 
tain that the protein molecule contains ketoplastie and antiketoplastic 
groups, and that the proportion of one to the other determines its in- 


fluence in aceton exeretion. 
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In favor of albumin as a source of aceton, Baumgarten and Popper'® 
report that aceton was a constant accompaniment of extrauterine preg- 
nancy with hemorrhage into the peritoneal cavity. Based on this clinical 
observation they believe that aceton is derived from the proteid tissue in 
blood. 

In discussing the ketoplastic and antiketoplastic bodies, Halpern and 
Landau’ suggest that the antiketoplastic bodies prevent the formation 
of aceton by setting oxygen free during their breaking down, and that 
by this means aceton is oxidized. For instance, if the body, for any rea- 
son, can not use up carbohydrates, there is an increased output of aceton 
bodies through the lungs and kidnevs, the amount depending on the 
degree of disturbance. Borchardt is quoted by them as saying that the 


antiketoplastic action depends on the amount of amido acids contained in 


the protein molecule, for leucin and alanin do not cause increase of 
aceton. Therefore, the more amido bodies the protein molecule contains, 
the greater its antiketoplastic property. This view of Halpern and 
Landau does not seem to the writer tenable, as carbohydrates, which 
contain no amido groups, are the most powerful of the antiketoplastic 
bodies. 

Later, in 1907, Borchardt and Lange'’ set about to answer three 
questions: (1) Which components of fat and albumin act as augment- 
ors and which act as inhibitors of aceton? (2) Are the substances which 
increase aceton output those from which oxybutyric acid or aceton can 
be derived directly? (3) Which substances are the direct source of 
aceton? | shall here refer only to these problems in their bearing on 
the question of aceton formation from protein. 

Does the protein molecule contain augmenting or inhibiting aceton 
factors? Borchardt aflirms this, but without going into the nature of 
these substances. At that time it was thought that monamido acids 
inhibit aceton output, because protein poor in monamido acids increase 
aceton, and vice versa. The question is now, What chemical substances 
(referring only to fatty acids and their derivatives) can be transformed 
into oxybutyrie acid or directly into aceton, and, finally, which of these 
substances occur in food, fatty or protein; in other words, which may 
be considered as sources of aceton bodies ? 

Borchardt and Lange decided to repeat the experiment of Embden 
and others with perfusion of the liver, by feeding the same substances to 


men. As these experiments of Embden et al. bear mostly on the forma- 


13. Wien. klin. Wehnsehr., 1906, p. 334. 
14. Ztschr. f. exper. Path. u. Therap., 1906, iii, 466, 
15. Hofmeister’s Beitr.. 1907, ix, 116, 
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tion of aceton from fat, I shall mention this part of their paper under 
that division of my subject dealing with this side of the question. The 
experiments of Borchardt and Lange will also receive the consideration 
which their excellent work deserves, but their conclusions may be briefly 
stated as follows: That those amido products of albumin digestion 
which lead to formation of aceton do so by being converted into their 
corresponding fatty acids and are oxidized to aceton in this way. 

There is, of course, ample proof that aceton can be formed from 
protein tissue, but, as this formation always takes place over fatty acids, 
protein may, in the light of investigations previously quoted, be con- 
sidered not as a source of aceton sui generis, but merely as a source of 
amido acids which, in their turn, by breaking off of the amido group 
are converted into fatty acids and then into aceton, 

B. Origin of Aceton from Carbohydrates—The only reference I 
have found to this side of the question is a work by Neuberg and Blu- 
menthal.” They quote Emil Fischer as believing that carbolivdrates are 
derived from fat, and Magnus Levy, who believes that in the breaking up 
of hexoses, lactic acid is first formed according to the following equation : 
= 2CH,—CHOH—COOH., = This acid goes easily into formic 
acid and acetaldehyd, CH,—CHOH—COOH = H.COOH + CH,.CHO., 
With this as a working basis, Neuberg and Blumenthal develop a very 
pretty hypothesis. By condensation of two molecules of acetaldehyde an 
aldol is formed, 2CH,.CHO == CH,—CHOH—CH,—COH (B-oxy- 
butvraldehyvde), and this, in turn, by shoving of oxygen in’ between 
molecules or by splitting off of water, forming crotonaldehyde— 
CH,.CHCH.COH—and then adding it, butyric acid is formed. By 
repeated condensation of aldol and crotonaldehyde and subsequent re- 
duction, the higher fatty acids may be supposed to be formed. They 
think that the question of formation of aceton from fat may be equally 
well regarded as a question of aceton formation from carbohy- 
drates, also that the hypothesis is rather stretched in supposing that 
fatty acids must be broken up to butyric acid and this, in turn, be sub- 


jected to a succession of complicated reactions before aceton can be 


formed; so they prefer to believe that the same substances form aceton 
as form fat, namely, carbohydrates. 

The above view has not been generally accepted: in fact, | know of 
no work published which deals with this novel theory of Neuberg and 
Blumenthal. Jn vitro and in vivo are two entirely different questions, 
and until laboratory experiments can be reproduced, ina measure, in the 
body, their importance in metabolism problems is somewhat vitiated. 
There is no proof that sugar or any carbohydrate increases aceton, and 
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thousands of instances where acetonuria has been held in abeyance by the 
ingestion of sugar. My personal belief is that the question of the deriva- 
tion of aceton from carbohydrate has but little importance, if any. 

C. Origin of Aceton from Fat.—Here it is that we meet with the 
probable solution of the whole question of the source of the aceton bodies. 
It has been known, or at least conjectured, for a great while that fat or 
some component of fat has the most to do with the formation of aceton, 
and, to my mind, the work of Embden, Salomon, Borchardt and others 
has put the subject on a very sound basis from which there does not 
seem to be any probability of its being dislodged. 

Geelmuyden (quoted by Hagenbeck'*) found that fat containing no 
low fatty acids (beef tallow) diminished and prevented aceton, whereas 
butyric acid increased it, and stated that the varying acetonuria on fat 
diet, for instance butter, depended on the amount of the volatile fatty 
acids present. Hagenbeck took up this particular point, using the cal- 
cium salt of butyric acid. His object was to study aceton, so he disre- 
garded B-oxybutyrie acid entirely. He confirmed Geelmuyden’s observa- 
tion, and thinks the presence of aceton is dependent on the lower fatty 
acids. He states, furthermore, that in vitro butter, plus potassium per- 
manganate and sodium hydroxid, gives rise to aceton. 

Schwarz’? found that in health there was no increase of aceton after 
fat ingestion, but, in diabetes, fatty diet, especially butter, caused marked 
increase, and thjs increase was higher if aceton was high before the 
experiments. 

Waldvogel and Hagenberg'® studied the effect of over-nourishment 
with fat and fatty acids on healthy organism, selecting themselves for 
study, and found that, despite abundant food, with certain amounts of 
fat and fatty acids, the aceton excreted was normal. Just the opposite 
view is held by Schumann-Leclercq,"” who states that fat must be re- 
garded as the principal cause of aceton, no matter if there is disturb- 
ance of body or food fat, or whether the patient is fasting, on fatty diet, 
or on meat diet, and, furthermore, that carbohydrates inhibit aceton by 
protecting the labile fat from combustion to aceton, 

Mohr and Loeb*® found after 200 grams of butter that B-oxybutyric 
acid was inereased, but there was no increase after 300 grams sesame 
oil, which they attribute to absence of volatile fatty acids. By increasing 


16. Centralbl. f. Stoffwechsel-u, Verdauungskr., 1900, p. 33. 
17. Id, p. 2. 

18. Ztsehr. f. klin. Med., 1901, xlii, 443. 

19. Wien. klin. Wehnschr., 1901, p. 237. 

20. Centralbl. f. Stoffwechsel-u. Verdauungskr., 1902, p. 193. 
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or diminishing fatty food they observed an increase or diminution in 
oxybutyrie acid, whereas the aceton was unaffected. They also noticed 
that both aceton and oxybutyrie acid were diminished after glycerin, 
and confirmed Rumpft’s observation of increase of B-oxybutyric acid after 
sodium butyrate, only they used pure butyric acid neutralized with 
NaOH. 

Neuberg and Blumenthal® refute the idea of aceton formation from 
fat and contend that if it takes place it is due to bacterial activity in 
the intestine. Johannes Miiller was the champion of this view, but 
Liithje, quoted by Neuberg and Blumenthal, discovered in a diabetic 
girl that calomel had no effect on aceton and diacetie acid. The strong- 
est proof that Neuberg and Blumenthal offer is that it is only per os 
that butyric acid increases the output of aceton, the subcutaneous injec- 
tions having no effect. 

It is supposed that the following reactions take place in the bowels, 


CH,-CH,-CH,-COOH CH,-CHOH-CH,COOH ———>» 
Butyrie acid. B-oxybutyrie acid. 
CH,-CO-CH,-COOH CH,-CO-CH, 


but Neuberg and Blumenthal state that the pure chemical oxidation of 
butyrie acid with nitric acid takes place in the gamma position, and 
succinic acid, COOH—CH,—CH,—COOH, is formed, or, if oxidation 
with chromie acid, there is a shattering of the molecule with the forma- 
tion of CO, and acetic acid. They prefer to believe in the carbohydrate 
origin of aceton, as previously stated. 

Baer’ has found that when much albumin is ingested the acidosis is 
diminished, much carbohydrate causes it to disappear, while much fat, 
especially the lower fatty acids, increases it. On a mixed diet, however, 
he states that fat ingestion causes no acidosis; the few exceptions that 
Waldvogel found are to him not proof against this view, but Baer be- 
lieves that the degree of acidosis, that is the amount of aceton bodies 
excreted, is due not so much to the food ingested as to the disease itself, 
as the fatty acids or esters are in sufficient quantity in the body to ae- 
count for all the aceton. 

Schwarz," in a study of diabetes, found a great difference in aceton 
output in (a) healthy people and non-diabetics and in (b) diabetics. 
In the former, he found only a very slight increase of aceton after fat, 
and this was seen only when the fat intake was very Jarge, but if the 
carbohydrates are withdrawn and the healthy subject is starved, making 
of him an acetonuric, butter is found to increase the aceton. These sub- 
jects can not, however, be classed as healthy when subjected to such 


21. Deutseh. Arch f. kiin. Med., 1903, Ixxvi, 233. 
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abnormal conditions. As aceton has been found in pregnancy (Stolz**). 
tvphoid fever (Bernert**), phosphorus poisoning (Walko**), also after 
chloroform and other narcotics, in inanition, and carcinoma of the gas- 
trointestinal tract, it seems to be an expression of abnormal fat destruc- 
tion. 

In diabetics Schwarz has found aceton increased with all sorts of 
fats, although pig's fat did not exert so marked an influence as did other 
fats. The higher fatty acids were found to increase the aceton, though 
this increase was not as noticeable as after the lower fatty acids. 

An inerease of aceton after ingestion of acids of the oleic acid group, 
C,H,,—20,, is rarely seen, and Schwarz supposes, as these acids are 
much more sensitive to oxidative processes outside the body than are the 
fatty acids, that they are more easily burned up in the body. Aceton can 
he formed from body fats over the butyric acid route, either by successive 


splitting off of CO, or by breaking up of long C chain, and the four 
carbon chain is oxidized in the B position, which is a peculiarity of the 
organism, as by chemical means this can not be brought about. Schwarz 
made a few experiments with B-oxybutyrie acid in health and in dia- 
betes, and found that a dog could use three grams pro Ke. lowly weight 
without a trace appearing in the urine. In mild diabetes, an amount 
which a healthy person could use up without an effort produced an in- 
crease of aceton only, whereas in severe diabetics not only aceton was seen, 
but also unchanged B-oxybutyric acid. Aceton was not completely used 
up by normal man, 

As a result of his studies Schwarz makes the following conclusions: 

1. In health fat causes only slight increase of aceton. 

2. It is probable that in many conditions, such as starvation, phos- 
phorus poisoning, narcosis and coma, aceton is due to melting of body 
fat, although not all wasting diseases are accompanied by aceton. 

3. In severe diabetes, aceton may be derived from the fat of food or 
from body fat if the carbohydrate intake is cut down. The intestinal 
canal does not seem to play an important role in aceton formation. 

1. The total aceton output is subject to variation even with constant 
diet, and the amount of B-oxvbutyric acid excreted is very large: it can 
be as high as 70 per cent. or even more. 

5. The higher fatty acids do not increase the aceton bodies as do the 
lower acids; the acids of the oleic acid group least of all. 

22. Arch. f. Gyniik., 1902, Ixv, 531. 
23. Ztsehr. f. Heilk., 1902, xxiii, 115. 
24. Quoted by Stolz (loc, cit.). 
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6. Butter increases the aceton more than do the animal fats. The 
action of oils is dependent on the presence of fatty acids, 

7. In normal people, but especially in severe diabetics, ingested 
B-oxybutyrie acid is insufficiently combusted if no carbohydrates are 
taken, whereas aceton is badly used up in any case, and can not be re- 
garded as an intermediary metabolic product, although B-oxybutyric 
acid may be. 

8. Lipemia is higher in severe diabetes than in mild cases, is seen 
even with absence of fat from the diet, apart from coma, and can be 
associated with no symptoms for a long time, but is always associated 
with excretion of aceton bodies, 

%. Alimentary lipemia is seen in severe cases of diabetes after large 
amounts of fat. 

Geelmuyden*®* thinks that the aceton bodies are formed in large 
amounts in health, but are changed again to other substances. In health, 
diacetic acid and oxybutyric acid are well burned up by organisms, but 
aceton is not; hence it should not be regarded as a product of interme- 
diary metabolism, as are the other two acids. These he regards as nor- 
mal intermediary products, but, being burned up as soon as formed, are 
not excreted. The fact that carbohydrate inanition is the sole cause of 
acetonuria is explained by Geelmuyden on the belief that carbohydrates 
unite with aceton in intermediary metabolism by synthesis as glycuronie 
acid, which process is necessary for the further change of the aceton 
hodies; failure of this synthesis or limitation of the same causes a collec- 
tion of aceton bodies and their subsequent excretion. He regards fat as 
the principal mother substance of aceton, 


Knoop, realizing the difficulty of studying the intermediary cleav- 
age products of fatty acids, states that the only way to study this prop- 
erly, is by combining these acids with a substance which is attacked with 
difficulty by the organism, as otherwise the fatty acids are broken down 
so completely and so quickly that no intermediary products can be found. 
He recalls the fact that tyvrosin, phenylalanin and @ aminocinnamic 
acid are completely oxidized in the body: phenyl proprionic acid and cin- 
namic acid are oxidized to benzoic acid, whereas phenylacetic acid and 
its derivatives, mandelic acid and phenylamido acetic acid, are un- 
changed, with the exception of the last, which simply has its NH, group 
replaced by the hydroxyl radical OH. It will be recalled by consulting 
Table I that all these substances have the benzene (C,H) group in 
common ; so why should the other bodies be oxidized and not the phenyl- 


25. Ztschr. f. physiol. Chem., 1904, iv, 128. 
26. Hofmeister’s Beitr., 1904-5, vi, 150. 
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acetic acid or its derivatives? It is not possible that phenylproprionic 
acid is oxidized to phenylacetic acid, or else this substance would appear 
in the urine, or at least one of its derivatives, so Knoop believes that the 
oxidation process takes place not in the @ position, but at the B carbon 
atom. Whether the oxidation of the side chain is the rule or not, Knoop 
proposes to decide by studying the higher homologs of phenylproprionic 
acid or of its derivatives. 

Without going into detail with Knoop’s experiments with individual 
acids, it will suffice to reproduce his table with a short summary of his 
conclusions as given by Folin.! 

“When ordinary fatty acid derivatives are linked to the benzene 
group, C,H,, and the resulting compounds are fed to dogs, the fatty 
acid chains are broken down by oxidation of the carbon atom third from 
the end of the chain and the intervening two carbon atoms are split off. 
In other words, not one, but two carbon atoms are split off at a time, 
and only so many are split off as can be taken two at a time and still 


leave, at least, one carbon atom attached to the benzene ring. 
“If the fatty acid side chain attached to the benzene radical contains 
only one or only two carbon atoms, these can not be split off, and such 


compounds will pass through the organism unchanged or but little 
altered. With three or with four carbon atoms in the chain two can be 
split off, while with five or six carbon atoms in the chain four can be 
removed.” 

Satta*® thinks that there is no doubt that fatty acids are the source of 
aceton, but questions if the splitting of fatty acids takes place normally 
over B-oxybutyric acid or aceton. In favor of the view that normally 
this does not occur, he writes as follows: 

1. The constant excretion of small quantities of aceton by the kidneys 
and lungs leads one to believe that aceton is a normal product of metab- 
olism, although this does not mean that the aceton thus formed is formed 
in the same way as the aceton seen under pathologic conditions. The 
small amount of aceton and absence of B-oxybutyriec acid in normal 
urine makes one think that either the quantity of the precursors of 
aceton is small, or else the aceton is not derived from the same source as 
pathologie aceton; that is, is not formed from oxybutyric acid. The 
latter is never seen normally, even when the excretion of aceton exceeds 
the usual amount, despite carbohydrate ingestion, and L. Schwarz found 
no oxybutyric acid in normal persons, even when aceton was as high as 
0.61 grams a day. Satta says that B-oxybutyric acid is not a normal 
metabolic product and that the normal aceton comes from another 
mother substance and not from B-oxybutyric acid. 
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2. It is impossible to cause the disappearance of aceton. Even with 
-much carbohydrate ingestion the normal aceton can not be made to dis- 
appear, while under the same conditions the aceton output is markedly 
diminished, 

3. The normal organisms can barn up quite readily B-oxybutyrie 
acid and diacetic acid, although there have not been many experiments 
with the latter, while, on the other hand, the oxidation of aceton is not 
only deficient in diabetics, but also in normal individuals. 

While to Satta’s mind the fact that abnormal aceton is a product of 
fat splitting, vet this does not help in explaining the presence of normal 
aceton. If a person is fed on excessive protein and carbohydrate food 
the normal aceton still appears. In this case no fat has been ingested 
and no fat is being broken down, On the other hand, by withdrawing 
carbohydrates from the food, forcing the organism to draw on its own 
heat-supply, aceton is increased, and all that is necessary in order to 
diminish it again is the ingestion of carbohydrates. 

In this connection it may be well to consider how these antiketoplas- 
tic bodies act. One view is that these stuffs act directly or indirectly, 
increasing the oxidation of B-oxybutyrie acid to aceton, but this is 
scarcely possible, as B-oxvbutyric acid, when ingested, is burned up with 
no increase of aceton, and, as aceton is poorly attacked, the oxidation of 
B-oxybutyrie acid over diacetic acid and aceton can not take place. An- 
other view advanced by Geelmuyden** is that a synthesis takes place 
hetween B-oxvbutyric acid and carbohydrates, probably glycuronice acid, 
by means of which the aceton formation is hindered, and failure of this 
synthesis on carbohydrate diet is expressed by acetonuria. Satta be- 
lieves that this synthesis does not take place between B-oxybutyrice acid 
and carbohydrates alone, but also between the precursors of B-oxybutyrie 
acid and carbohydrates. That the pairing of the former is not with 
glveuronic acid alone is shown by the fact that levulose and pentose act 
antiketoplastically, but do not form glyeuronie acid. Still a third view 
is that, in the presence of these antiketoplastic bodies, no B-oxybutyrie 
acid is formed from fat, consequently no diacetic acid and aceton. 

Against the intestinal origin of aceton formation Satta makes the 
following objections: 

1. Purges do not diminish aceton, but often have the opposite effect, 
and even salol and benzol, two well-known intestinal antisepties, are 
frequently followed by increase of aceton. 

2. The gastrointestinal tract does not contain considerably more 
aceton than do other organs, and Magnus Levy found less aceton in the 
gastrointestinal tract of a diabetic than in the other organs. 
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3. If aceton is formed in the gastrointestinal tract, there should be a 
direct relation between proteid decomposition and aceton, but Satta 
found that sulphur diminished when aceton was increased and went up 
if aceton remained constant or sank. 

4. The aceton of inanition could not be explained on this basis, for, 
if nothing is taken into the stomach, how can aceton be formed from 
protein decom position in the intestines? Miiller, however, states that 
albumin is still decomposed, but against this it may be stated that: 

(a) Inanition acetonuria increases while the amount of gastrointes- 
tinal contents diminishes. 

(b) If the stomach and intestines are analyzed, it is found that 
only 16.23 grams of B-oxybutyrie acid can be obtained. 

(c) If it is believed, as Miiller himself holds, that aceton is derived 
from fat, then this militates against the gastrointestinal theory, as fat is 
scarcely ever present. 

(d) The immense amounts of aceton seen in coma, and when patient 
has fasted three and four days, lead one to think that the building place 
of aceton is within the cells, although in which organ is still undecided. 
Satta suggests that in those organs having the most to do with the 
utilization of fat, namely, the glandular organs, there should be found 
more oxybutyric acid and its descendants (Knoop’s experiments show 
that a fatty acid molecule through successive oxidation in the B position, 
finally vields one molecule B-oxybutyric acid). 

Baer** studied the effect of glycuronic acid on acidosis, working on 
the idea of Geelmuyden,** that glycuronic acid is the underlying feature 
of acidosis. He gave dogs camphor in order to cause increase of paired 
glycuronic acid, and hence withdrawal of this acid from metabolism, but 
he found no increase of aceton or of B-oxybutyric acid. In fact, he pro- 
duced a diminution of B-oxybutyric acid and aceton, but in order that the 
objections should not be raised, that, as camphor is an excitant, it might 
cause increased combustion of aceton bodies, he substituted chloral 
hydrate. In this case he found the acidosis to be diminished and that 
oxybutyrie acid almost disappeared. As the dog was somnolent, he 
again made a substitution with morphin, and, finding that there was an 
increase of acidosis, he gave chloral hydrate again, with an immediate 
diminution of aceton. 

If by withdrawal of glyeuronie acid the acidosis is diminished, or if 
in excretion of glyeuronic acid, with glycosuria, no acidosis appears, it 
would seem that glycuronic acid is itself the source of aceton bodies. 
Indeed, a similar idea was advanced by Fliickiger as follows: 


27. Ztschr. f. klin. Med., 1905, Ivi, 198. 
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COH(CHOH),.COOH (glycuronic acid) = C,H,O, (oxybutyrie 
acid) + CH,O, (formie acid) and CO,, but this theory does not assist 
us much in the solution of the question, as we know that aceton may be 
derived from many sources, 

Baer is inclined to believe that in fasting glycuronie acid is not de- 
rived from pre-existing carbohydrates, but from protein, as suggested 
originally by Loewi or from other groups having nothing to do with car- 
bohydrate production, perhaps from mother substance of aceton bodies. 
It is not improbable that decomposition products arise together with 
glycuronic acid and by further combustion cause diminution of acidosis. 

Borchardt,** in discussing the sources of aceton bodies, says that fat 
is ketoplastic and glycerin antiketoplastic. As fat is resorbed from 
intestines and appears in chyme as neutral fat by synthesis with glycerin 
derived from the body, he suggests that the ketoplastic action of fat is 
due not so much to the acid formers as to withdrawal of the antiketo- 
plastic substance, glycerin. 

This view is further supported by the fact that fatty acids injected 
subcutaneously are not ketoplastic. Geelmuyden found no acetonuria 
after two grams of butyric acid were given in that way. Waldvogel 
found no aceton bodies after the administration of olive oil, and it is 
now settled that fat without fatty acids diminishes aceton body excretion. 

The difference in action of ingested fatty acids and injected fatty 
acids is very easily explained by Borchardt as follows: If given per os, 
there is a synthesis with the glycerin of the body, with the formation of 
neutral fat-tri glycerids of the ingested fatty acids. This glycerin, being 
derived from the body, has no power to form sugar (which ordinarily it 
accomplishes very easily), and it loses its antiketoplastiec property on 
this account. 

It will be remembered that carbohydrates lessen the output of the 
aceton bodies. If the fat is injected subeutaneously, there is no synthesis 
with glycerin, no withdrawal of glycerin from the body, the glycerip 
retains its sugar-forming antiketoplastic property, and there is no in- 
crease of aceton. It is this withdrawal of glycerin from the body and 
not the action of the fatty acids themselves that accounts for the keto- 
plastic action ascribed to the latter. Although apparently in favor of 
this ingenious view, Borchardt remains non-committal, preferring that 
time and future experiments should furnish the proof. This work, to 
my mind, refutes the arguments of Neuberg and Blumenthal.® 

' Embden and Kalberlah?* refer to a previous series of experiments in 


28. Centralbl. f. d. ges. Physiol, u. Path. d. Stoffwechs-u, 1906, viii, 121. 
29. Hofmeister’s Beitr., 1906, viii, 121. 
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which they showed that the liver was the chief building station of aceton. 
Embden, Salomon and Schmidt*® go still further and study from what 
substance aceton is formed. As their work is of great interest, I have 
chosen to review it at length. The above authors start their work with 
two postulates : 

1. If aceton is a breaking down product of a substance, it ought to 
display the same characteristic structure as the mother substance from 
which it is derived. 

2. Appearance of aceton after perfusion leads to the idea that addi- 
tion of substances to the blood ought to increase aceton, as it is bound 
up with difficulty in the liver. 

They added glycocoll, alanin, glutaric acid and asparagin to perfused 
blood, but found no increase in aceton. After leucin.CH, CH, 
however, there was a marked increase and they suggest OF 


CH 
If that is so, then an isomeric compound of leuc:n should pn | 
at Is so, someric com} CHNH, 


cooHu 


that aceton may be derived from the iso propyl group. 


not give it, and they used a amido normal caproic acid, 


and found, as they supposed, that the aceton remained within the limits 
of that found after perfusion of liver with blood, so that the increase of 
aceton is probably not due to the iso propyl group. 


CH, CH, 


They tried the next lower a amido iso valeric acid, CH 
CHNH, 
COOH 
which did not cause increase of aceton, for there was neither a splitting 
of carbon from carboxyl group, nor a splitting between the a and B car- 
bon atom. 

v. Noorden and Embden suggested that there is a splitting between 
the B and y carbon atom, which would explain the aceton seen after 
leucin, and not after amido valerie acid, as such splitting would not pro- 
duce aceton here. 

Phenyl proprionic acid, C,H,.CH,CH,COOH, and cinnamic acid, 
C,H,.CH: CH.COOH, are changed in the organism to benzoic acid, 


30. Id., p. 129. 
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C.H,: COOH, and hippuric acid, C,H,CO: NH.CH, COOH, and it will 
be remembered that Knoop found that y phenyl butyric acid was split 
up to phenyl acetic acid, C,H,CH,COOH, and appears as such, whereas 
phenyl valeric acid, C,H,(CH,),COOH, goes into hippuric acid. Also 
it was found that B-phenyl lactic acid, C,H,.CH,.CHOH.COOH, and 
benzoyl acetic acid, C,H,CO.CH,COOH, appear as hippuric acid; ben- 
zovlproprionic acid, C,H,.CO,CH,CH,COOH, and phenyl! iso crotonic 
acid, and C,H,CH: CH.CH,.COOH, as phenylacetic acid, and in all 
these there is a splitting between the @ and 8 carbon atoms. 

Embden, Salomon and Schmidt now suggested that the NH, group 
might be the cause, so they took the corresponding fatty acids, 


iso butylacetic acid, CH, CH, 


and iso valeric acid, CI 


Loon 

and found that the iso butyvlacetic acid, corresponding to leucin, formed 
no aceton, whereas the iso valerie acid, corresponding to amid valerie 
acid, was a strong aceton builder, just an opposite effect from leucin and 
amido valerie acid. The last follows the same law as the splitting up of 
the chain, as Knoop found, namely, there was a cleaverage between the a 
and the B carbon atom. 

If this view is applied to iso butylacetie acid, which in structure is 
like iso valeric acid, namely, that there is a splitting between the a and 
B carbon atoms, then iso butyrie acid, CH, CH, 


Ci 

COOH 
should be formed, and, if this is so, then this acid should give no aceton, 
which they found to be the case. The three homologs, iso butyrie acid, 
iso valeric acid, and iso butylacetic acid, as regards their aceton building 


properties, behave exactly as do the aromatic fatty acids in their side 
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chains, and Knoop’s experiments hold good for the aliphatic fatty acids. 
Why leucin and amido iso valeric acid are split up differently from their 
corresponding fatty acids is explained by Embden and his co-workers: 

Leucin and amido iso valerie acid are changed by a splitting up of the 
carboxyl group into substances with one less carbon atom. 

Whether the leucin is changed to iso valerie acid by oxidation of its 
carbon atom after denitrification, or whether amido iso valeric acid is 
converted into iso butyric acid in the same way, or if only the precursors 
of these fatty acids are formed—for instance, 


iso amvylic alcohol, CH, CH, 


or Iso valeraldelivd, 


from leucin—they do not say. Whichever way they are split up, their 
further cleavage after splitting of carboxyl group follows the same law 
as that of fatty acids. Leucin, according to this, would be split up just 
the same as iso valeric acid and the amido iso uty ric acid like iso buty ric 
acid. Therefore, leucin perfusion gives rise to aceton as does perfusion 
with iso valeric acid, and amido iso valeric acid does not, as is the case 
with iso butyric acid. 

Magnus Levy showed that oxybutyrie acid can form aceton in the 
animal organism, and Embden et al. found this to be the case in perfu- 
sion of liver, where almost ten times as much aceton was formed as is 
seen with perfusion of normal blood. Perfusion of muscle led to nega- 
tive results, Since oxybutyrie acid is probably formed by oxidation 
from buty rie acid, they tried the latter and found that aceton was formed, 
doubtless with the intermediary formation of oxybutyrie acid. 

They studied perfusion with I-tyrosin, 
COOH, and racemic phenylalanin, C,H,-CH,-CHNH,-COOH, which 


it will be seen, are amido acids united to the benzene radical, and found 


that both produced aceton. The phenylalanin minus the amido group or 
B phenyl a lactic acid, C,H,-CH,-CHOH-COOH, also produced aceton, 
though not to such a marked degree as tyrosin and phenylalanin. As in 
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these substances the aromatic nucleus is burned up in the body, the next 
point to prove was whether aromatic substances themselves could produce 
aceton, in other words, if the aceton formation is in any way connected 
with the combustion of the aromatic nucleus. They selected B phenyl B 
lactic acid, C,H,-CHOH-CH,-COOH, phenylacetie acid, C,H,-CH,- 
COOH, and cinnamie acid, C,H,-CH :CH-COOH, and found that all of 
these failed utterly to produce aceton, and they conclude that the source 
of aceton in tyrosin, phenylalanin, and phenyl a lactic acid is the easily 
attacked aromatic nucleus, while in B phenyl B lactic acid, phenylacetic 
acid, and cinnamic acid, as the nucleus is not oxidized, there is conse- 
quently no aceton. How the benzene ring is utilized to form aceton is 
not certain, but, according to Neubauer and Falta, phenylalanin is 
changed to uroleucie acid, then to homogentisic acid, and in this acid 
the benzene ring is attacked, and Embden et al. confirmed this by finding 
aceton increased by perfusion with the latter. 


HC: (CH HC| |CH HC CH 
CH,—CHNH,COOH ‘CH.—CHNH.COOH 
Tyrosin Phenylalanin Pheny! Lactic Acid 
HO| |CH HO| | CH 
‘CHy—CHOH.COOH CH.COOH 
Uroleucic Acid Homogentisic Acid 


Embden, Salomon, and Schmidt make several conclusions, which, 
briefly put, are that the aliphatic monamido monobasic acids are broken 
down to a body containing one less carbon atom, probably the correspond- 
ing fatty acid, and as such they are burned up as fatty acids are, namely, 
by oxidation in the 8 position. 

Without detailing the important contributions of Baer and Blum," it 
may briefly be stated that after a very careful study of the result of giv- 
ing fatty acids to diabetics, they conclude that branched fatty acids, with 
an even group of carbon atoms, are productive of 8 oxybutyric acid and 
with this, aceton, whereas fatty acids, with 3 or 5 carbon atoms in a 
straight chain are not; and especially productive of oxybutyric acid are 
those acids where oxidation takes place in the B position. Of course, 
when 8 oxybutyrie acid was increased, aceton was increased also, lending 


31. Arch. f. exper. Path, u. Pharmakol., 1906-7, lv, 89, and lvi, 92. 
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additional weight, if more were necessary, to the belief that aceton is an 
end-product of B-oxybutyrie oxidation. 

In order to see if Embden, Salomon and Schmidt’s observations on 
the perfused liver could be repeated by feeding the same substances, 
Borchardt and Lange’ experimented on themselves. They put them- 
selves on a carbohydrate free diet and produced constant aceton output, 
then they gave themselves amido acids, beginning with glycocoll, 
CH,NH,-COOH, and found no increase, but rather a diminution of 
aceton. Embden** had found the same thing with perfusion. With 
alanin, CH,-CHNH,COOH, there was a diminution of aceton, confirm- 
ing previous observations of Embden et al. The cause of this is due to 
the conversion of alanin into lactic acid by denitrification, 


CH, CH, 

| 

CHNH, CHOH Lactic acid 
| 


and this acid has been found by Neuberg and Langstein after feeding 
rabbits on alanin and also by Embden in his perfusion experiments. 
Studies by Satta have shown that lactic acid is an antiketoplastic body, 
so that the explanation seems to be a suitable one. 

The next acid to be experimented with by Borchardt and Lange was 
the amid of the dibasic aspartic acid, asparagin, COOH.CHNH,.CH,- 
CONH,. They found this produced a decided diminishing effect on 
the excretion of aceton bodies, as did Embden, Salomon and Schmidt. 
Glutaminie acid, a amido glutaric acid, COOH-CH,-CH,CHNH.-COOH, 
was found in perfusion to have no influence on aceton bodies and on feed- 
ing they found the same thing. 

Leucin caused a marked increase in aceton, as Embden found. Emb- 
den, Salomon and Schmidt believe this occurs by splitting of molecule 
between B and y carbon atoms, giving rise to aceton directly. In this 
case lactic acid should be formed from lower half, but Embden could not 


find this, nor could Borchardt and Lange. 


CH, Ch, _ CH, 
CH y we C=0 
| Aceton 
CH, B Fg CH, CH, 
| | 
CHNH,a + CHNH,—> CHOH 
| 
COOH COOH COOH 


Leucin Alanin Lactie acid 


{ 
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Tt seems to me that were the leucin split up in this way the aceton 
should be decreased, as lactic acid is an antiketoplastic substance (Satta). 

Baer and Blum give another explanation, according to the law that 
fatty acid derivatives with substitution at the a carbon atom behave 
exactly as does the next lower fatty acid; in this way iso valerie acid 
would be formed, which, in turn, by substituting an hydroxyl group for 
a methyl group would be converted into B-oxybutyric acid, as shown by 
the following formula: 


CH, CH, Cil, CH, CH, OH 
\4 
Cll CH CH 
| | | 
CH, — > CH, ——> CH, 
CHINE, COOH COOH 
COOH Iso valeric acid B-oxybutyrie acid 


Leucin 

This seems to be the way of cleavage, for if it were split up over 
alanin and lactic acid sugar should be formed, as the last two substances 
are known to be conspicuous sugar formers, while leucin is known to have 
no effect on sugar output. 

Borchardt and Lange conclude their interesting paper with the fol- 
lowing conclusions regarding the cleavage of fatty, oxy and amido fatty 
acids : 

1. In the formation of aceton bodies, oxybutyric acid is first formed, 
from which by further oxidation diacetic acid is formed, and, finally, by 
cleavage of carboxyl group aceton is produced (Minkowski). 

2. Amido and methyl groups united to a carbon atom can be substi- 
tuted by a hydroxyl radical; in branched fatty acids, with two terminal 
methyl groups, one of the methyl groups is substituted by a hydroxyl, 
for instance, 


CH, OH 
\Z 
Cll CH 
Cll, Ci, 
COOH COOH 
iso valerie acid B-oxybutyric-acid 


3. a-oxy and a-amido acids behave as do the next lower fatty acids 
(a amido valerie acid like butyric acid, leucin like iso valeric acid). 
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4. Unbranched fatty acids with an even number of carbon atoms and 
with the group CH,-CH,-CH,-COOH can be oxidized in the 8 position, 
split in the same position and again oxidized in 8 position, until they 
are broken down to B-oxybutyric acid, 

Branched fatty acids with uneven carbon atoms are probably split in 


same way and lead to oxybutyric acid formation. 


ACIDOSIS AND COMA, 


MODERN THEORIES AS TO CAUSE OF 
Lépine* says that acidosis does not explain all the symptoms of coma, 
especially the pulse and dyspnea, and quotes Klemperer and von Noorden 
as holding the view that coma is due to an unknown toxin in the blood. 
Sternberg (quoted by Lépine) has shown that after ingestion of B amido 
butyric acid there is acceleration of the pulse and respiration and appear- 
ances of coma, and that one gram per kilogram of body weight is fatal. 
B-oxybutyrie acid, to the extent of nine grams, on the other hand, has 
been injected into a dog weighing 7 kg. without any ill effects, and he sug- 
gests that B amido butyric acid may produce B-oxybutyrie acid with 
splitting off of NH,. 
CH,CHNH,-CH,-COOH + H,O = CH,.CHOH.CH,.COOH + 
One explanation for the increase of NH, seen in diabetic coma is thus 


offered, and the second source would be the protein tissue, as will soon be 
shown. 

Lépine thinks the amido butyric acid is derived from the nitril of 
amido butyric acid as follows: 
CH,-CHNH,.CH,.CN + 2H,0 = CH,-CHNH,-CH,-COOH + NH,. 

Gautier (quoted by Lépine) has found that albuminous substances 
contain complex nitrils. Some are innocuous, but by the action of cer- 
tain reagents nitrils can become very poisonous, as cinnamic nitril, which 
produces symptoms analogous to hydrocyanie acid poisoning. Lépine’s 
theory based on Gautier’s observations and his own work is, that not the 
8 amido butyric acid or B-oxybutyrie acid, but rather the complex nitrils 
of protein tissue are the cause of acidosis. In support of this view he con- 
curs with Fiquet in recommending phenol in diabetes, as combinations of 
this with nitrils renders them innocuous, and believes it should be tried. 
This very suggestive work of Lépine does not seem to have been followed 
up, and, despite the fact that only a amido acids are seen after protein 
cleavage, there are a great many things in favor of his theory, which 
require further study to be put on a firm basis. 
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Spitzer®* does not lay much stress on the B-oxybutyric acid theory of 
acidosis, as even diabetics can use up a good deal of oxybutyric acid, and 
in pancreatic diabetes no acidosis can be produced with oxybutyric acid. 
He agrees with Magnus Levy that the poverty of the organism in fixed 
alkalies is not the cause, as Naunyn held. Spitzer holds to the view that 
carbohydrates are to be regarded as the underlying condition, as cases of 
diabetes are constantly met with where acidosis appears on going over to 
a carbohydrate free diet. Here no increase of acid is ingested, the main 
reason for the appearance of coma being that in breaking down of carbo- 
hydrates, substances are formed which, uniting with the decomposition 
products of protein and fat, render easy the oxidation to CO, and H,O. 
Absence of these substances, as is seen in carbohydrate hunger and in 
diabetes, leads to acidosis, as the oxidative power of the organism is not 
enough in itself. 

The disturbance of the carbohydrate metabolism, preventing oxida- 
tion of protein and fatty decomposition products, Spitzer believes to be 
due to psychic or physical trauma, for such cases are often seen leading 
to rapid death from acidosis. Again, cases of mild diabetes have been 
operated on, with rapidly ensuing coma after narcosis, and Spitzer does 
not agree with Naunyn that the narcosis has caused rapid tissue break- 
down, explaining the acidosis, but thinks the time is too short for such 
an extensive destruction to take place, and that psychic shock best ex- 
plains it. Spitzer reports a case of mild diabetes with absence of acidosis 
even after fasting, but which succumbed to coma after fracture of the 
clavicle. In this instance there was no oxybutyrie acid, in fact, numer- 
ous cases have been published of coma with high NH, output, yet with 
no aceton or diacetic acid (Rumpf, Miinzer, Strauss, quoted by Spitzer). 
Spitzer suggests that, as after the celebrated Piqire, the liver is “fright- 
ened,” shakes out all its glycogen and loses the power to hold back sugar 
coming to it. 

Grube** has concisely summarized the four main theories of diabetic 
coma, and I shall briefly reproduce his remarks: 

1. Theory of Coma on Basis of Aceton Poisoning.—He does not be- 
lieve in this for three reasons: (a) aceton can be excreted for years with 
no symptoms of coma, (b) in a few cases of coma aceton has been absent, 
(c) after ingestion of aceton there is no intoxication, and even with large 
doses the symptoms are not those of diabetic coma. 

2. Uremic Theory.—There is a wide difference between the two dis- 
orders, as uremia is never seen with healthy kidneys and coma very 
often is. 


34. Arch. f. exper. Path. u. Pharmakol., 1900, xliv, 349. 
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3. B-oxybutyric Acid Theory (Stadelmann, Naunyn, Magnus Levy ).— 
Stadelmann suggested that the symptoms of coma were due to increased 
acid formation, and believed that crotonic acid was the cause, but this 
was soon controverted by Minkowski and Kiilz, who found not crotonic 
acid, but B-oxybutyriec acid. This theory, that of a B-oxybutyric acid in- 
toxication, seems to be somewhat weakened by the studies of Walther, 
who produced symptoms similar to coma with hydrochloric acid and 
phosphoric acid. Furthermore, other acids, diacetic acid, lactic acid, and 
fatty acids are seen, and have each been held responsible for coma, though 
Magnus Levy claims they play no quantitative réle. 

4. Unknown Toxin Theory (Klemperer).—This theory holds that 
both coma and B-oxybutyric acid are caused by these toxins. 

Grube seems to incline to this view (see Lépine), and experimented 
on cats with B amido butyric acid, producing coma in all of his twenty 
experiments, and, according to the amount of acid ingested, the severity 
of the coma was influenced, together with appearance of aceton and 
sugar. He has thus confirmed Sternberg’s work, and in this he must be 
classed with Lépine, but he doubts whether 8 amido butyric acid is 
formed in the diabetic organism. 

Magnus Levy“ repeats in this work his former assertion that diabetic 
coma is an acid intoxication. The acidosis is so extreme in coma that 
the acid withdraws from the blood and tissue the alkalies of the carbon- 
ates and phosphates and destroys the vital groups of protein molecule, 
especially the proteid of the ganglia body cells. As a proof of this loss 
of oxidation power of organism, one sees in diabetic coma diminution of 
alkalies of blood and appearance of large quantities of B-oxybutyric acid 
in the blood. 

Busse** agrees with the above, and states that in autopsies made on 
diabetics he has found parenchymatous degeneration of kidney and 
heart, and sometimes of liver, which he attributes to the action of B-oxy- 
butyric acid. 

Orlowski* studied the alkalinity of blood in diabetes and found it to 
be invariably lowered, due, as he says, to B-oxybutyrie acid, which he 
regards as the underlying cause of coma, aceton, and diacetic acid being 
merely secondary. He gives a rather broad definition of acid intoxica- 
tion, inasmuch as he regards the diagnosis as certain only when B-oxy- 
butyric acid is found in the blood and urine, and when there is improve- 
ment in the condition with the use of alkalies. I should take exception 


35. Id., 1901, xlv, 389. 
36. Miinchen, med. Wehnschr., 1901, p. 1404. 
37. Centralbl. f. Stoffwechsel., 1902, p. 31. 
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to the last statement, and I believe many clinicians would agree with me 
that many cases of coma do not recover under the use of sodium bicar- 
bonate or alkalies in general, but they are nevertheless cases of coma. I 
recall a case, studied with Dr. Musser, where coma was prognosed several 
days before its onset, alkaline therapy was instituted intravenously, sub- 
cutaneously, per os, and Hy enteroclysis, despite which the patient gradu- 
ally grew worse and died with the typical symptoms of diabetic coma. 
To make a diagnosis of such a severe condition on a therapeutic test 
seems to me to be unwise. 

That aceton can cause autointoxication is shown in the report of two 
cases by Pettera,** but he specifically states that there was no resemblance 
hetween diabetic acidosis and his cases, nor was there ever found any 
sugar or B-oxybutyric acid. The condition is hardly to be confused with 
diabetic coma. although his report contradicts statements made by other 
observers that aceton is not toxic (Grube**). To these cases may be 
arrayed a third, reported by Palma,*® of three attacks of autointoxication, 
when the only underlying condition was great increase of aceton in urine 
and probably in the breath, although Folin, in his Harvey lecture of 
1908, said that the peculiar aceton odor of breath is not caused by aceton 
in the great majority of the cases. 

Eppinger, in 1906, published two important papers dealing with 
acidosis which L consider worthy of detailed review. In the first con- 
tribution,’ he reviews some of the previous work on this subject, start- 
ing with Salkowski’s work on the utilization of tannin by herbivora. 
Tannin, it will be remembered, is amido ethyl sulphonic acid, 
CLH,NSO,, or CH,NH,CH,SO,OH, and Salkowski found that herbivora 
used up tannin with the liberation of H,SO,, and that if the feeding of 
tannin were continued for any length of time the animals invariably 
died. This he believed due to the withdrawal of alkalies from the body 
by the acid, and found the bases of the urine increased after tannin. 
The same thing was noted after ingestion of H,SO,. Giithgen, in at- 
tempting to corroborate this, fed tannin to dogs without any success, and 
ascribes the difference between his work and Salkowski’s to the difference 
in chemical constitution of herbivora and carnivora. 

Walther, according to Eppinger, laid the foundation of our modern 
view of acidosis, and found that if an acid which is not oxidized were 
introduced into rabbits, the CO, of the blood diminishes very rapidly, 
and when the height of the poisoning is reached it disappears entirely. 

38. Prag. med. Welnsechr., 1905, p. 199, 
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He believes this is due to the combination of blood alkalies with the acid 
and, the blood being no longer able to extract the poisonous CO, from the 
tissues, there is an accumulation, and the animal succumbs to what he 
graphically terms “internal suffocation.” He substantiates this view by 
noticing the remarkable beneficial effect of intravenous injection of 
alkalies in these cases. In dogs, on the contrary, he did not find this 
diminution of carbonic acid in the blood, and, as the fixed alkalies remain 
unchanged, he thinks the organism of a carnivorous animal has other 
means of protection against acid intoxication. This protection he as- 
cribes to NH. which he found increased in the urine, and which he 
believes prevents the export of fixed alkalies from the blood. 

Eppinger believes that the constitutional difference between carnivora 
and herbivora, suggested by Githgen, is not the fundamental reason for 
such divergence of results, but thinks the discrepancy is rather one of 
degree. Winterberg and Limbeck have shown that by gradually increas- 
ing the dose of the acid they could increase the usual lethal dose for a 
rabbit, which was accompanied by a slight increase of ammonia, and 
Spiro later showed that dogs could be killed by acid intoxication. These 
experiments tend to render the view of a “constitutional difference” in 
the two species untenable, but the question naturally arises, If in car- 
nivora the ammonia is the main protection against acidosis, where is it 
stored up, for we know protein tissue is the only souree? As rabbits 
have practically no ammonia for protection, Eppinger thinks that if 
nitrogenous bodies derived from protein decomposition are fed to rab- 
hits they should save the animals from a fatal acid poisoning, and, 
furthermore, that their resistance should be accompanied with an in- 
creased output of ammonia in the urine, 

Working on this hypothesis, he gave rabbits the fatal dose of hydro- 
chlorie acid. and followed immediately with amido acids, finding that 
glycocoll (CH,NH,.COOH), alanin (CH,-CHNH,-COOH) as- 
partic acid (COOILCHNH,.CH, COOTL) all prevented acidosis. Two 
reasons are suggested: Either that this action was due to com- 
bination of the amido acid forming glycocoll hydrochlorate, which is ex- 
creted as such, or that oxidation takes place, setting ammonia free, which 
uniting with the acid renders it innocuous, 

That the first was not the case was proved by the fact that the rabbit 
rapidly succumbed to an aliquot amount of glycocoll hydrochlorate. If 
the second procedure takes place, there should be more NH, found in the 
urine, which he showed to be the case. That the amount of ammonia 


derived from the amido acids is not enough to neutralize the acid, and 


that fixed alkalies are a factor, he proved by finding an increase of potas- 
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sium and sodium in the urine. Further confirmation of this is offered, 
as he found there was a slight withdrawal of alkalies from the blood. 

The acid amids, foramid, CHO.NH,, and acetamid, CH,-CONH.,- 
exert no such effect as would be expected, as Schultzer and Nencki* 
found that the acid amids are not changed in the body. 

Having established that amido acids, the lowest cleavage products 
of protein decomposition, offer immunity against acidosis, Eppinger tried 
the effect of polypeptids—glyzylglycin and leucylglyein—which only 
retarded the death of the rabbit, while with pepton and gelatin the ani- 
mal died very promptly from acidosis. This seems to prove to Eppinger’s 
mind that the kind of food, and the way such food is utilized by the 
organism, is the primary condition in acidosis, and he thinks that dia- 
betes may be an expression of disturbed proteid as well as of disturbed 
carbohydrate metabolism. 

In a second paper Eppinger,** after reviewing the main substance of 
his first article, thinks that his experiments have some practical value in 
diabetes. After showing that the body derives the protective ammonia 
mainly from the food, he believes that the reason the organism succumbs 
to diabetic acidosis is because there is not enough protein food given to 
furnish the required amount of ammonia, and as the body is unable to 
furnish fixed alkalies for any length of time, acid intoxication is bound 
to follow. The gastrointestinal disturbances preceding may be due to a 
defective breaking down of protein, with the necessarily resulting dimi- 
nution of ammonia. In coma, therefore, Eppinger recommends the use 
of urea subcutaneously, and amido acids per os and per rectum, although 
he is inclined to Ebstein’s view, namely, that diabetes is more a disease 
of entire protoplasm which prevents the organism from using even amido 
acids (Mohr). Despite the apparent absurdity of giving a person sub- 
stances which are not utilized, Eppinger, nevertheless, recommends try- 
ing amido acids, as he considers the treatment of coma futile in any case, 
and the amido acids can do no harm. 

As Folin points out, “the alkali therapy must, after all, furnish the 
final practical proof of the validity of the acid intoxication theory,” and 
this is true, to a certain extent, but it must be remembered that not all 
cases of diabetic coma are comparable. Some are seen early and some 
late in the course of the disease, and this must vitiate to a certain extent 
the results obtained with the alkali treatment. Remembering the work 
of Busse,** the destructive changes wrought by 8-oxybutyric acid must be 
borne in mind, and if, as Ebstein (quoted by Eppinger) states, diabetes 
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is a disease of the entire body protoplasm, it will be seen that when de- 
structive changes take place in the body just how futile any treatment 
must be. That early cases of coma are benefited by alkaline remedies 
there can be no doubt, and even in the advanced cases improvement and 
sometimes postponement of lethal termination have been observed. 

B-oxybutyric acid seems at present to be the cause of acidosis. Why 
this acid is formed is as much a riddle as ever before, and the glib an- 
swer that the body has, in a measure, lost its oxidative power is but a con- 
fession of our ignorance of the subject in question. All we know is that 
8-oxybutyric acid is seen in advanced diabetes, is seen in coma, has been 
found in excessive amounts in the organ tissues of diabetics dying in 
coma (Magnus Levy), and appears to be the cause of diabetic acidosis. 
The ever-recurring “But why” must be left for future investigators to 
answer. ‘Theories there are, and many, but theories without proof remain 
but theories, and are to be adjudged as such. 


SUMMARY AND CONCLUSIONS. 

Together with a clear understanding of diabetic acidosis must be 
brought a knowledge of normal physiologic facts, which the foregoing, 
dealing only with the important publications of the past eight years, 
hardly touched on. It will be remembered that during the breaking 
down of carbohydrate, fats, and proteins numerous products of an acid 
nature are normally formed. These acid bodies are for the most part 
carbon-dioxid, sulphuric, hydrochloric and phosphoric acids, besides uric 
acid, fatty acids, and occasionally other acids. The carbon-dioxid is 
mostly excreted by the lungs and, in part, by the skin, while the sul- 
phuric acid and other acids are excreted in the urine. These acids are, 
however, never found as such, but are combined with the body alkalies, 
forming salts. To neutralize these acids, the body must be deprived of 
its alkalies, and this loss is covered mostly by the alkalies contained in 
the ingested food. Besides these, however, the body contains a certain 
amount of “reserve alkali” which is found in the protoplasm of the 
body cells as potassium. The alkalies ingested with the food are found 
as sodium salts in the circulating blood, and to their presence is due the 
alkalinity of the blood. Besides these combinations of alkalies with 
inorganic acids, sodium phosphate and sodium carbonate are present, 
and these also help in preserving the blood alkalinity. The amount of 
these alkaline bodies is not great; 100 grams of blood contain a quantity 
equal to only about 180 mgr. of NaOH (v. Noorden). 

If alkalies are being constantly withdrawn from the body by the 


intermediary products of tissue decomposition, it will readily be seen that 
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abnormal sapping of the alkali reserve can be accomplished by lessening 
the ingestion of alkalies in the food or by increasing the amount of the 
acid in the body. We have seen from Eppinger’s work what fatal effect 
the administration of acids has on rabbits. Not only are there symptoms 
of acid intoxication, rapid respiration and increased pulse rate with 
convulsions, coma and death, but there is also an increase of the bases 
of the urine with a diminution of the blood alkalinity and of the carbon- 
dioxid from the lungs, indicating withdrawal from the body of alkalies. 
It will also be recalled what prompt beneficial effects follow the adminis- 
tration of alkalies. In dogs we have learned that, besides these labile 
and fixed alkalies of the body, there is a further protection offered by 
ammonia which is, for the most part, derived from the protein food. 
These teachings of Walther, Eppinger and others we have transferred to 
man, and we know that, thanks to our carniverous tastes, we are able to 
produce ammonia in such enormous amounts that our protection against 
even high acid values in the body is assured. Even under pathologic 
conditions, such as diabetic acidosis, vy. Noorden reports that an output of 
ammonia from 4 to 6 grams a day is not at all uncommon, and Stadel- 
mann once found 12 grams. When it is recalled that the normal output 
is between .3 and .? grams, depending, of course, on the ingested food, 
and that each gram above that accounted for by the food correspoads to 
6.12 grams B-oxybutyrie acid, it will be seen what a great protection the 
ammonia is to us and what great quantities of acid it can neutralize. 
The name acidosis was coined by Naunyn to cover the symptom- 
complex of the presence of increased acid in the body, and is, of course, 
always a sign of disturbed metabolism. This increase of acid can occur 
in two ways, deficient elimination and increased production. The first 
is relatively unimportant and never produces the symptoms of acid 
poisoning. The second is of prime importance, and may be associated 
with the former, when it is of double significance. The three acids with 
which this paper deals are B-oxybutyric acid, diacetic acid and aceton, 
called, for convenience, aceton bodies (Geelmuyden). Of these three, 
only aceton is seen normally in the urine, although some modern writers 
contend that this is net so, that aceton is never preformed, but is really 
diacetie acid. Until this matter is cleared up I prefer to regard the 
aceton determined by our qualitative tests, as aceton. That aceton is a 
produet of normal metabolism can not be denied, and, though there is 
some doubt as to its toxicity, I believe it has been pretty definitely shown 
that aceton does not produce acidosis (Grube, Satta). Diacetie acid is 
also readily oxidized when given to healthy individuals, and we have 


seen from Lépine’s experiments what large quantities of B-oxybutyrie 
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acid a dog can take care of without showing symptoms of acid intoxica- 
tion. What, then, causes the symptoms of acidosis and coma if the 
aceton bodies are so innocuous? The correct answer I believe to be is 
increase of acid in the organism. This acid might just as well be sul- 
phuric acid or any other acid, if such could be formed in equally large 
amounts as 8-oxybutyric acid, but it so happens that in diabetes B-oxy- 
butyric acid is the cause. It must be insisted on that B-oxybutyric acid 
possesses no individual toxic properties not shown by other acids, but the 
deleterious effects ascribed to it are due to its purely acid character and, 
owing to its acid nature, it has the power of extracting from the body its 
alkalin supply and in this way producing acidosis. 

The source of these aceton bodies now seems to be practically settled. 
That the principal source is from fat, especially fat containing fatty 
acids, can not be denied after the abundant proof offered. That the 
aceton bodies can be derived from protein has been shown by Blumenthal 
and Neuberg, also by Orgler, in vitro, but conclusive proof has been 
brought by Embden, Salomon and Schmidt, after finding increase of 
aceton after perfusion with leucin. That the formation of aceton from 
albumin takes place over fatty acids after denitrifying the amido acids 
is also a well-established fact, so that there should be no further contro- 
versy about the question whether aceton is derived from fat or proteid. 
Carbohydrates are not the source of aceton bodies. 


The place of formation of aceton bodies is probably in the liver (Emb- 
den and Kalberlah, Embden, Salomon and Schmidt), although there are 
some supporters of the intestinal origin, especially J. Miiller. Liithje 
has found that acetonuria is not diminished by the use of laxatives and 
intestinal antiseptics, and v. Noorden has noticed even an increase fol- 
lowing such measures, so this seems to disprove the enterogenous theory 
of aceton formation (Satta). 
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A CASE OF INFECTION WITH SCHISTOSOMA JAPONICUM 
IN A FILIPINO. 


EUGENE R. WHITMORE, M.D. 
MANILA, P. I. 

For over twenty years physicians practicing in Japan have observed, 
in certain provinces, a peculiar cirrhosis of the liver with diarrhea, fever, 
anemia, ascites and edema. In some of these cases ova of an unknown 
parasite have been observed in the liver and other organs. 

In the latter half of 1904 Katsurada' described ova found in the feces 
of patients and in the tissues of men and cats. He also described the 
adult worms as found in the portal and mesenteric veins in cats, and 
called the parasite Schistosoma japonicum. 

Early in 1905 Catto* reported a case in a Chinaman from the prov- 
ince of Fukien. He described minutely the ova found in the tissues, 
and the parent worms found at the bifurcation of the smaller mesenteric 
vessels. Catto called the parasite Schistosoma cattoi (Blanchard). This 
case was previously published as one of coccidiosis in man, and again 
as one of infection with a new trematode. 

Logan*® has reported three cases in Chinese. 

In January, 1906, Woolley* reported a case of infection with Schisto- 
soma japonicum in a native Filipino, and so far as | know this was the 
first case reported from the Philippine Islands. 

My case is that of a Filipino scout about 30 years old, who had been 
in the service of the United States about eight years. 

Patient.—The man was born on the Island of Samar, was enlisted at Tagabian, 
Samar, and his company has been stationed there for some time. He had never 
been away from the Philippine Islands, and most of his life had been spent 
on the Island of Samar. ‘ 

History.—The man was on furlough and entered the Division Hospital, Manila, 
P. I., at 10:00 a. m., January 16, 1908, in the service of Captain Ruffner, to whom 
| am indebted for all the clinical notes. The man complained of nothing but 
weakness and there was nothing in his appearance or on examination that would 


indicate that he was seriously ill. His temperature was 98.6 F., and his pulse 
120. At 1:00 a. m. on January 17, the man began having diarrhea and severe 
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abdominal cramps. He passed quickly into collapse and died at 6:45 a. m., 
January 17. 

Autopsy.—As there was considerable cholera in Manila at the time we had 
at the autopsy to look out for cholera and beriberi. 

General Appearance.—The body was that of a normally developed Filipino. 
There was no edema and no excess of fat was noted on opening the abdomen or 
about the abdominal viscera. There was no ascites. 

Liver.—The liver appeared slightly enlarged, but about normal in color. The 
smooth surface was studded over with numerous yellowish spots from 1 to 1.5 
mm. in diameter. The liver cut with increased resistance, the capsule was thick- 
ened, and the connective tissue about the gall bladder and along the larger bile 
ducts was markedly increased in amount, and was edematous and bile stained. 
The same yellowish nodules seen on the surface were dotted throughout the liver 
substance. Crushing the nodules showed them to contain a number of brown ova. 
The gall bladder was distended with thick bile, but the passage into the duo- 
denum was free. Microscopically these miliary nodules have a caseous center 
and a fibrous margin with rather distinct line of demarcation from the liver 
tissue. They are usually connected with an area showing new formation of bile 
ducts. The general picture of the liver is that of a hypertrophic cirrhosis with 
new formation of bile ducts. Ova were found in some of the nodules; in masses 
in new formed connective tissue which shows new formation of bile ducts; and 
singly in the small vessels among the liver cells. In the latter position there is 
often no evidence of new formed connective tissue. 

Intestines.—In the upper part of the rectum was an area, two inches long 
and extending half way around the rectum on the mesenteric side, in which the 
mucosa was swollen, red, and very slightly and superficially eroded. Otherwise 
the intestine and its contents appeared normal, except for a few uncinaria in 
the upper part of the small intestine. Cultures for comma bacillus were negative. 

Microscopically the mucosa of the large intestine is normal, except for slight 
superficial erosion. The submucosa is thickened and there is considerable round 
celled infiltration. The muscularis is normal as is the subperitoneal tissue. 
Ova are found in fair numbers in the submucesa in areas of round celled infiltra- 
tion. No ova are found in the other layers. Microscopically the small intestine 
shows nothing abnormal. 

Kidneys and Suprarenals.—There was a yellowish nodule 2 mm, in diameter, 
3 mm. from the base of one of the pyramids of the right kidney. Microscopically, 
this nodule is composed of fibrous tissue with a few remains of the kidney tu- 
bules. Otherwise the kidneys appear normal. No ova are found in this nodule 
or any where in the kidney tissue. There were two yellowish nodules, 1 mm, in 
diameter, bulging above the surface of the right suprarenal gland. Microscopic 
ally, both of these nodules are composed of fibrous tissue. Otherwise the supra- 
renals appear normal. No ova are found in these nodules or anywhere in the 
suprarenals. 

Lungs.—The lungs showed nothing but slight congestion, Microscopically, there 
is considerable round-celled infiltration in the alveolar walls, and some ova are 
found lying singly in the areas of infiltration, 

The brain, thyroid, pancreas, bladder and prostate appear normal, 

The spleen was somewhat enlarged, dark colored and bloody. 

The mesentery showed nothing. The vessels were carefully slit up but no 
worms were found, and none have been found in sections of the mesentery. 

Heart.—The heart was pale and flabby and I was inclined to think that the 
man had died of beriberi, but sections from the tibial nerves showed nothing 
abnormal. Katsurada says: “A certain number of the patients die of extreme 
weakness,” and that is all that I can find to account for the death in this case. 
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It is possible that the worms form a toxin, as suggested by Katsurada, and that 
this toxin had something to do with the sudden death in this case. 

Bacteriologic Examination.—Sections from the nodules in the liver, kidney 
and suprarenal were stained for tubercle bacilli and for spirochetes, but neither 
has been found. The ova found correspond in appearance and measurements 
with the ova of Schistosoma japonicum. 


This case is of interest, as there were present practically no other 
parasites and no lesions other than those due to the schistosoma, and 
those lesions were of the nature of a fibrosis. 

Whether or not the nodules in the kidney and suprarenals were caused 
in any way by the schistosoma I can not say. I find no mention of 
lesions in the kidneys or suprarenals, and Catto says: “The kidneys, 
suprarenals, . . . showed no signs of coarse disease.” 


THE TREATMENT OF GONOCOCCUS ARTHRITIS BY INJEC- 
TIONS OF DEAD GONOCOCCI, AND THE CLINICAL 
REACTION WHICH FOLLOWS THE INJECTIONS.* 

E. E. TRONS, M.D. 


CHICAGO, 
[From the Memorial Institute for Infectious Diseases and the Presbyterian and 
Cook County Hospitals. ] 

Relatively few cases of gonococcus arthritis and periostitis treated 
by the subeutaneous injection of dead gonococci have so far been re- 
corded. Cole and Meakins* reported fifteen cases of gonococcus arthritis 
in which inoculations were given and systematic observations made on 
the opsonic index. After a careful study of the cases they concluded 
that inoculation of dead gonococci appeared to have a decided value in 
favorably influencing the course of the disease. 

This paper is based on the study of forty cases of gonococcus infec- 
tion, including thirty-one cases of arthritis.2 The diagnosis of each 
case included in the series was determined beyond any reasonable doubt, 
from the clinical history and course as well as from the associated genital 
infection. In all the cases in any way obscure the diagnosis was con- 
firmed by the isolation of the gonococcus from the joints, and in two 
cases from the blood. 

In fifteen of the forty cases studied the opsonic index was systemat- 
ically determined. The initial indices were usually low, with rises fol- 
lowing injections of dead gonococci. Aside from the injections of dead 
cocci, other factors, such as massage of the prostate and massage of af- 
fected joints, were found to raise the index. This has been observed also 
by Wright and others. Furthermore, spontaneous fluctuations in the 
index occurred in untreated cases of arthritis, due possibly to trauma or 
movement of an acutely inflamed joint. 

Taking these facts into consideration, and bearing in mind that the 
opsonic curve is the expression of only one of the many changes which 


*Read before the Chicago Pathological Society, March 9, 1908. 

1. Treatment of Gonorrheal Arthritis by Vaccines, Bull. Johns Hopkins Hosp., 
xviii, No, 1905, June, 1907. 

2. The histories of these cases, with details, will be found in a more complete 
paper to appear in the Journal of Infectious Diseases, vol. v, No. 3. 
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may take place in the body fluids in the course of infections, and that 
for some time at least inoculation therapy will depend for its control 
largely on clinical observation, it seemed advisable in the present work 
to use the clinical manifestations as the guide to the size and interval of 
the injections. 

The lesions that occur in the course of generalized gonococcus infee- 
tions present certain characteristics that render these cases peculiarly 
favorable for the observation of the clinical effects of therapeutic injec- 
tions of dead cultures of gonococci. The course, even in the acute cases, 
extends over a number of days at least, and much more often over weeks 
and months. The fever and other constitutional disturbances are rela- 
tively less than in other infections of corresponding extent in the body, 
and the lesions, involving chiefly the joints, tendons and periosteum, are 
readily accessible to examination and careful observation. 

In order that the inoculation treatment may have a general practical 
clinical value in the event of the experimental results receiving further 
confirmation, the dead cultures must be prepared, at least for the present, 
from heterologous organisms, for in many cases it is not only imprac- 
ticable but impossible to obtain the so-called homologous strain. 

Accordingly, for the purpose of uniformity, all the cases in this series 
were treated with cultures obtained from other sources than the patients 
in question. The cultures of the gonococcus used were isolated from 
various lesions, including urethritis and arthritis. 

To obviate, in part at least, certain objections to the use of heter- 
ologous organisms, some of the material was prepared from two and 
sometimes three strains of the gonococcus. In many cases, however, but 
one strain was used. In a clinical study of this nature it is a matter of 
extreme difficulty adequately to compare the results with different kinds 
of killed gonococci. The general impression is that the immunizing re- 
sponses were as good when one strain was used as when two or three were 
combined. 

In the early cases treated, from 20,000,000 to 50,000,000 organisms 
were given at a dose. A dose of this size usually produced a rise in the 
opsonic index, but often no coincident change occurred in the clinical 
course of the disease. It seemed advisable to increase the dose, and ac- 
cordingly in the later work from 100,000,000 to 1,000,000,000 organisms 
were given. The intervals between injections varied from three to seven 
days. 
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THE GONOCOCCUS REACTION. 

In following the clinical course of the cases under inoculation treat- 
ment daily records of both subjective and objective conditions were made 
in so far as this was possible. It soon became evident that the course of 
events following the inoculation was not always one of progressive im- 
provement. When seen twenty-four hours after the injection, patients 
repeatedly complained that the joint pains were worse rather than better. 
At this period of the work the dose used was relatively small, and the 
exacerbation of the symptoms did not occur regularly after each injec- 
tion, so that for a time the phenomenon was regarded as an accidental 
coincidence. When the initial dose was increased, however, it was found 
that frequently the patients suffered from increased articular pain and 
tenderness after the first, often after the second, and occasionally after 
subsequent injections. Four cases in the same ward were given their 
first injections on the same day, the dose being 500,000,000. On the 
following day two of the cases showed only a slight increase in symp- 
toms, with some rise in temperature and pain in the joints. In these 
two the arthritis was not extensive. In the other two cases in which the 
joint involvement was greater there was a decided exacerbation of symp- 
toms. The involved joints became more acutely tender, and the fever 
which had previously not exceeded 99.5° F. rose to 101.5°, associated 
with general malaise. On the second day after the injections the acute 
symptoms had subsided and the patients felt about as well as before the 
injections were given. During the succeeding days improvement was more 
rapid than before the injections, so that the net gain of the first week 
of treatment was greater than that of the week preceding. In these 
cases the clinical picture after injection was most striking, and was 
highly suggestive of the phenomena observed in the tuberculin reaction. 

The clinical records of the cases treated before this observation was 
made were now examined, and in those in which daily records had been 
made it appeared that the characteristic reaction had occurred, though 
by no means to so great a degree. In subsequent cases it usually has 
been possible so to graduate the dose of gonococci as to produce the reae- 
tion. 


A typical gonococcus reaction is characterized by a rise in temper- 
ature, often only slight, an increase in pain and tenderness in the affected 
joints, with occasionally some increase in swelling and a variable degree 
of malaise. The symptoms follow the injection in from eight to twelve 
hours and commonly last twenty-four hours. In some instances there 
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is, too, a local reaction at the site of injection with tenderness, occasion- 
ally redness and some edema. These local signs commonly subside in 
twenty-four hours, though in three cases they persisted for three or four 
days. Great care has been taken throughout to insure surgical clean- 
liness in giving the injections. Moreover, in a number of normal indi- 
viduals, to whom the same amount was given, no local reaction was 
noted. Leucocyte counts were made before and after the injections in 
1 number of the gonococcus cases. Generally there was an increase in 
the leucocytes eighteen hours after the injections, though this was not 
constant. The degree of the reaction is influenced by several factors. 
After small doses (20,000,000 to 50,000,000 in the cases in question) 
the reaction was not marked, and in a number of the early cases treated 
it either did not occur or at least was overlooked. In one case (Case 1), 


however, in which a 50,000,000 dose was given, there was a reaction after 
each of the first three injections. When, beginning with a small dose, 
gradually increasing doses were employed, the reaction did not appear 
so typically, or was scarcely observable. When in a given case the same 
moderately large dose (300,000,000 to 500,000,000) was used for all the 
injections, the reactions became less with each injection. In four in- 


stances the reactions followed the initial dose only. 

The most constant feature of the reaction is the increase in joint 
pain and tenderness. The temperature rise may be so slight as of itself 
to excite but little remark, especially in those cases in which there is a 
daily temperature of 99.5 to 100. In opsonic terminology the clinical 
reaction corresponds to the negative phase. 


THE CLINICAL GONOCOCCUS REACTION IN DIAGNOSIS, 


The frequency with which these clinical phenomena occurred sug- 
gested the possibility of utilizing the reaction in the diagnosis of 
obscure cases of arthritis in which the gonococcus was the suspected 
cause. The effects of the injection of dead gonococci into patients not 
suffering from gonococcus infection were accordingly studied. Eight 
adults in whom there was no history or sign of gonococeus infection were 
given subcutaneous injections of 500,000,000 dead gonococci. In none 
of these was there any local change other than that following an ordinary 
hypodermic puncture, and no fever or constitutional disturbance was 
observed. In a case of pyorrhea alveolaris with subsequent general infec- 
tion, and painful swellings over the extremities, there was no increase of 
fever or local symptoms following the injection. A case of gout with 
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active joint involvement showed no local nor general change after a dose 
of 500,000,000. Leucocytes before injection 13,200, eighteen hours after 
injection 13,000; temperature normal throughout. A case of articular 
rheumatism showed no reaction after 500,000,000. There was no in- 
crease in leucocytes and the temperature chart showed no abnormal vari- 
ations. A case of acute arthritis with pericarditis was thought possibly 
gonococcal in origin. There was no reaction after a dose of 500,000,000. 
Cultures from the blood and from a small amount of clear fluid aspirated 
from the knee remained sterile and the prostatic fluid contained no 
gonococci. The subsequent course was typical of acute rheumatic fever. 
In four other cases of acute and subacute articular rheumatism there 
was no reaction after injections of 500,000,000 cocci. 

In a number of suspected gonococcus cases the reaction was of value 
in making an early diagnosis. A case of monarticular arthritis with 
effusion in the knee in which gonorrheal infection was denied was given 
an injection of 500,000,000. The evening temperature, which had pre- 
viously reached only 100, rose to 101.8 and the joint pains increased. 
The knee was aspirated and the gonococcus isolated in pure culture from 
the fluid. A case of chronic arthritis which had resisted all treatment 
was given an injection. A slight rise in temperature, with increase 
in joint pains, followed. The prostatic fluid was found to contain gon- 
ococci, and the subsequent course was that of gonococcus arthritis. A 
patient who had suffered from extensive gonococcus arthritis had been 
bedridden for one year. There was practically no motion in the knees. 
After an injection of 500,000,000 the temperature, which for weeks had 
been normal, rose to 99.5, and the patient complained of malaise and 
increased pain in the joints. A patient with aortic aneurism who denied 
gonorrheal infection had been selected for control experimental inoc- 
ulation. After an injection of 500,000,000 cocci the temperature, 
which had been uniformly normal, rose to 100 F. without any other ap- 
parent cause, returning to normal next day, with no subsequent rise. 
The prostate was examined and found to be large, somewhat tender, and 
the secretion contained numbers of leucocytes with typical intracellular 
gonococci. 

CLINICAL RESULTS. 

The clinical course of gonococcus infections is extremely variable. 
The large majority of the arthritic cases recover spontaneously, though 
frequently convalescence is long and tedious and the patient may be par- 
tially disabled for months. It is obviously fallacious to draw conclusions 
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as to the value of a treatment from the observations of isolated cases, 
and even when a number of cases of a disease so variable in its course 
as gonococcus arthritis are grouped together one must be very guarded 
in the conclusions as to the réle of the treatment in effecting a cure. In 
summarizing the results the previous duration of the arthritis, its course 
in the days or weeks immediately preceding treatment, and the rapidity 
of subsequent improvement are of greater clinical weight than the mere 
statement of the time required to effect a cure. 

In general the inoculations gave better visible results in the chronic 
than in the acute cases. In several acute cases improvement was appar- 
ently more rapid immediately following the injections than before. But 
while the acute cases terminated favorably and without undue delay, it 
must be recognized that they might have done so without treatment, 
though possibly less rapidly. The evidence in favor of the inoculation 
treatment is stronger in the subacute and chronic cases. In a number 
of eases in which after a typical acute course there remained more or 
less indolent swelling and tenderness in one or more joints, after the 
first injections the signs of the infection subsided rapidly. A patient 
(Case 26) had had a typical gonococcus arthritis for ten weeks. For 
six weeks before inoculation there had been no improvement in spite of 
treatment by rest and medicines. He was able to hobble around, but 
the pain in the lower dorsal region, sternoclavicular joint and in the 
heels rendered him unable to work. After the slight reaction following 
the first injection of 300,000,000 cocci his pain was much less, and after 
two more injections at intervals of four days he was discharged with no 
pain or other disability. When seen two months later he was still free 
from the trouble. A number of similar cases might be cited. 

The treatment of several very chronic cases was undertaken. A pa- 
tient (Case 10) had suffered for years from recurrent attacks of “rheu- 
matism” in the region of the lumbar spine and in the heels. For seven 
months, with the exception of one month, he had been unable to work. 
At one time the heels, at another the back seemed to be worse. He had 
taken medicines of many kinds, electrotherapy, etc., without benefit. 
The prostate was large, tender, and the fluid obtained by massage con- 
tained typical gonococci. Inoculation of dead gonococci was followed 
by an increase in pain and tenderness for twenty-four hours, and then 
by improvement. After six injections during a period of one month his 
condition was very much improved and he was able to go to work. Each 
injection was followed by an exacerbation of local tenderness. The sub- 
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sequent improvement was much slower but progressive. The injections 
were continued with increased dosage, combined later with massage of 
the prostate, which was much less tender than at the outset of treatment. 
At the end of three months’ treatment recovery was practically complete. 
The later injections were not followed by any observable clinical reaction. 

In four of the thirty-one cases in the arthritic series the results were 
unsatisfactory. Two of these (Cases 18 and 22) were acute cases in 
which but two injections were given because of peculiar obstacles to 
treatment. These might reasonably be omitted from the series. Another 
early but extensive case (Case 2) received only small doses (50,000,000) 
for one month without improvement, and the treatment was discon- 
tinued. Massage of the prostate was substituted, with subsequent re- 
covery after a slow convalescence. 

The fourth case was that of a chronic alcoholic, who had also a 
chronic nephritis with considerable edema. In addition to his gonococcus 
arthritis, he had an otitis media and a dacryocystitis of a year's 
duration. Occasionally a slight reaction could be obtained after inocula- 
tion, with temporary improvement, but he suffered repeated relapses, 
with the involvement of new joints, and the treatment was finally dis- 
continued, 

The general impression derived from a study of the series of cases 
individually and as a whole is that inoculation was of material value in 
hastening recovery. The evidence is strongest in the more chronic ambu- 
latory cases in which the benefit of rest in bed can be eliminated. 

Certain other general therapeutic measures also contributed to the 
favorable results. The repeated withdrawal of joint fluid in large recur- 
ring effusions was no doubt of value. Only the smallest degree of fixa- 
tion of joints was used. There were no cases in which ankylosis occurred. 
Prostatic massage has long been recognized as a valuable measure in 
gonococcus arthritis. It is highly probable on clinical grounds as well as 
from its effect in raising the opsonic index that prostatic massage results 
in an autoinoculation similar in its effect to the injection of killed gono- 
cocci. In several cases in which, for purposes of observation of the un- 
aided effects of inoculation, systematic massage of the prostate was 
omitted, the condition of the prostate improved coincidentally with the 
improvement in the arthritis after inoculation. 


SUMMARY. 


Systemic infections by the gonococcus tend to spontaneous recovery. 
In many of the cases of gonococcus arthritis the clinical manifestations 
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are acute and the course extends over a few days or weeks. Certain 
cases, however, do not recover so quickly and the condition passes into a 
chronie stage which may last months or years. In the first class of cases 
immunity develops rapidly, and clinically little benefit appears to result 
from the injections of dead gonococci. In the chronic cases the mechan- 
ism of immunity fails to rid the body of the organisms, and they persist 
either in the original lesions or in one or more foci, such as the prostate, 
and give rise from time to time to new lesions at various points of local- 
ization. When dead gonococci are injected a reaction frequently follows, 
with an increase in constitutional and local symptoms. The reaction is 
later followed by a period of improvement. The fact that with a dose 
of constant size the reactions become less with each injection would seem 
to be a strong argument in favor of the value of the injections in hasten- 
ing the development of immunity. Clinically in a number of cases the in- 
jections of dead gonococci have seemed to be of distinct value. 

Many more series of cases will have to be studied before a definite 
opinion can be expressed, but the results obtained thus far seem to indi- 
cate that in certain cases of gonococcus arthritis recovery can be hast- 
ened by the injection of dead gonococci. No harm has been seen to 
follow the injections, and it is possible that the use of larger doses will 
be found desirable in some cases. 

With further work the limitations as well as the advantages of the 
method will appear, and it should be recognized that while it is attractive 
theoretically as a specific therapeutic measure, too much must not be ex- 
pected of it in the way of marvelous cures. It should be used rather in 
conjunction with other general measures, such as rest, aspiration of 
joints cistended with fluid, massage of the prostate and other surgical 
and general hygienic treatment. 

The reliability of the clinical gonococcus reaction as a diagnostic 
procedure will also be determined only after many tests. It has many 
points in common with the tuberculin reaction, and similarly, too, there 
may well be cases of gonococcus infection found which do not respond. 
It appears, however, to be well worth a trial. Should the reaction prove 
to be reliable, a valuable and much needed aid will be at hand for the 
diagnosis of obscure joint, synovial and periosteal diseases. 

Until recently it has not been deemed expedient to carry on experi- 
ments on certain other phenomena of hypersusceptibility in gonococcus 
infections such as the ophthalmic reaction, though this work has now 
been begun. It has already been noted that the local reaction after 
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the injection of dead gonococci is greater in cases of gonococcus infection 


than in normal! individuals. 

I am greatly indebted to Dr. Hektoen of the Memorial Institute for advice 
and guidance during the preparation of this paper, and to the attending and 
house staffs of the Presbyterian and Cook County Hospitals for the opportunity 
afforded to observe clinical cases and for assistance in carrying out the treatment. 
I wish also to acknowledge the valuable assistance of Drs. A. H. Curtis and R. C. 
Menzies of the County Hospital, who devoted much time and care to the daily 
observation and recording of the clinical phenomena of the cases in their charge. 
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THE USE AND THE VALUE OF TUBERCULIN IN THE 
DIAGNOSIS OF PULMONARY TUBERCULOSIS. 
LOUIS HAMMAN. 

BALTIMORE, 


In the last ten years the literature on the diagnostic use of tuberculin 


has been enriched by a large number of important and exhaustive con- 
tributions, and we are now in a position to pass at least a temporary 
judgment on the value and the shortcomings of the method. After the 
first few vears of extensive application of tuberculin following its intro- 
duction in 1890? its use in diagnosis was largely abandoned when in 
treatment it had proved not only valueless but harmful.* The tuberculin 
revival, in the midst of which we are at present, is an outcome of the 
modern sanitarium movement, the ever-increasing demand for earlier and 
earlier diagnosis being the motive and abundant material and convenience 
for careful observation the opportunity. Bridging the two periods is the 
work of a few such enthusiasts as Trudeau, Fraenkel, Spengler, Pet- 
ruschky, Méller and others who kept interest alive and communicated it 
to their near associates. Dr. Trudeau's intiuence has always been strong- 
ly felt in Johns Hopkins Hospital, and tuberculin, while not extensively, 
still has been continuously emploved for diagnosis during the past fifteen 
Years. 

For fourteen months we have used tuberculin rather largely in the 
Phipps Dispensary both in diagnosis and treatment, having made in 
round numbers about five thousand injections. Naturally we see a great 
many cases in which, after a careful application of the usual methods of 
diagnosis, doubt remains. In an effort to reach greater assurance we have 
turned to tuberculin, and I have analyzed the first 94 cases injected as a 
text for this paper. We have nothing new to repeat nor any startling 
modifications to suggest, but we have made a number of observations of 
great interest to us which may serve as illustrations to point a more 
reasonable attitude toward tubereulin. Prevalent misstatements about 
the best methods of use and the value of tuberculin in diagnosis might 


1. Beck: Deutsch. med. Wehnsehr., 1899, Nos. 5-9. Miller and Kayserling: 
Ztschr. f. Tuberk., 1902, iii, 279. Hammer: Beitr. z Klin. d. Tuberk., 1903, i. 
325. Léwenstein and Rappaport: Ztschr. f. Tuberk., 1904, v, 485. Bandelier: 
Beitr. z Klin. d. Tuberk., 1904, ii, 285. Kohler: Tubereulin u. Organismus, 
Fischer, Jena, 1905. Roth-Sehulz: Beitr. z Klin. d. Tuberk., 1906, vi, 167. 
Roepke: Ztschr. f. Tuberk., 1907, x, 412. And many others. 

2. Koch: Deutsch. med. Wehnschr. 

3. Most important early literature on tuberculin may be found in Klinisches 
Jahrbuch, Ergiinzungsband, 1891. 
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he offered as a justification. One of our most prominent American pedi- 
atrists has recently written about tuberculin and says that the dose for 
an infant or young child is from two to five milligrams. Such an un- 
qualified statement, I believe, might be productive of much harmful 
misunderstanding; and that four milligrams may be followed by serious 
results a case he cites illustrates. One reads so frequently that all of the 
patients in a certain group either had tubercle bacilli in their sputum 
or reacted to tuberculin. The impression is conveyed that these two 
pieces of evidence are of equal value, which they by no means are; and 
one gets the further impression that a reaction to tuberculin absolutely 
settles a doubtful diagnosis, which it certainly does not. A German 
author,’ speaking of suspicious cases, writes that “Koch's old tuberculin 
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Chart No, 1. 


is the sovereign means with which to establish the proper diagnosis with 
absolute certainty.” Bandelier,® too, says that “the quintessence of 
tuberculin diagnosis is in the ‘sicherstellung——the making absolutely 
sure—of the diagnosis in doubtful cases.” This term “sicherstellung” 
is frequently met in the German literature, and it is a matter of first 
importance to make quite clear how far its use is justified. 


THEORETICAL CONSIDERATIONS, 


There is no more interesting phenomenon in the whole range of 
medicine than the tuberculin reaction, and we are still far from a satis- 


4. Ziegler: Miinchen. med, Wehnschr., 1907, p. 1320. 
5. Beitr. z. Klin. d. Tuberk., 1904, ii, 285. 
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factory understanding of even its fundamental principles. Here is a 
substance, practically inert toward healthy animals, which under certain 
conditions becomes highly toxic toward subjects affected with even a 
trivial tuberculous lesion. A single focus of disease may so change every 
cell in the body that when a small amount of tuberculin is brought in 
contact with it a violent reaction ensues. A drop placed on a mucous 
membrane or rubbed into the skin or injected into the subcutaneous 
tissue produces extensive local changes. We know little about the nature 
of these changes. Since Wasserman and Bruck*® have demonstrated the 
presence of antituberculin in the tissues and at times even in the blood 
we have come to view such changes as the expression of a specific reaction 
between the two substances, with perhaps a stimulation to the further 
production of antibodies. We are not yet sure that tuberculin itself 
causes this remarkable change in the body cells, for, desirable as such 
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information may be, it still remains to be proved that a normal animal 
can be rendered hypersensitive by the repeated injection of tuberculin. 
The fever and the constitutional symptoms are almost certainly due to a 
substance other than tuberculin, which is newly formed or produced in 
excess under the stimulation of the latter substance. The summation 
theory is no longer worthy of consideration. Wasserman believes that 
he has demonstrated the constant presence of antituberculin in tuber- 
culous foci, and conceives that the tuberculin reaction consists in a local 
union of tuberculin and antituberculin, with the anchoring of comple- 
6. Wasserman and Bruck: Deutsch. med. Webhnschr., 1906, No. 12. Wasser- 
man and Bruck: Miinch. med. Wehnschr., 1906, No. 49. Wasserman and Citron: 
Ztschr. f. Hyg., 1906, lil, 238. 
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ment, this new substance acting as a ferment on the tuberculous tissue 
and the absorption of the products of digestion causing fever and the 
characteristic constitutional symptoms. This is merely a new garb for 
the hypothesis which Ehrlich? advanced in 1900. 
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In both of these hypotheses the presence of a tuberculous focus is an 
essential. Wasserman’s views practically resolve themselves into a ques- 
tion of toxin and antitoxin, the absence of a reaction in a tuberculous 
patient being interpreted as a blocking off of the toxin from the tubereu- 


Chart No. 4. 


lous tissue by neutralization in the blood stream. In some patients, par- 
ticularly in those long treated with tuberculin, he has been able to demon- 
strate the presence of complement deviating substances in the blood, but 


7. Internat. Kong. f. Hyg., 1900. 
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union 
recent 


work on tuberculin demonstrates that its active agent is the al- 


lead us to believe. 
of toxin and antitoxin ever gives a local reaction: then, too, all 
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in only a very small proportion of cases. 
however, and particularly the detailed considerations of Wolff-Eisner,° 
indicate that the conditions are not as simple as such a conception would 
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The work of Morgenroth,* 


In the first place there is no evidence to show that the 


hbuminous portion of 
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lin may oecur in the absence of tuberculous lesions, and, lastly, 
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Wasser- 


man’s view fails to take into account the important principle of hyper- 
susceptibility—perhaps better known under the terms allergie and ana- 


phylaxis. 


3 . 3 . 
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Chart 


Tuberculin differs according to the manner of its preparation. 
well known that many of the older preparations contained tubercle bacilli 


No. 7. 
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in large number,’® but if put through a Berkefeld filter no 


particles are present. 


Wolff-Eisner: Beitr. Klin. 


10. 


d. Tuberk., 1908, ix, No. 1. 


Nevertheless these two specimens will act in an 


such 
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identical manner, displaying differences in degree, but never in the 
quality of reactions. Léwenstein'™ was first to draw attention to the 
development of hypersusceptibility to tuberculin in tuberculous patients. 
His instances and tables are conclusive, and the phenomenon has become 
the common observation of every one using tuberculin. This principle 
of hypersusceptibility is the fundamental symptom of the serum dis- 
ease’? and its production a property of all albuminous bodies. Preis- 
sich and Heim*™ were the first to demonstrate that animals who had no 
tuberculous lesion would react to tuberculin. In two instances they were 
successful in introducing into the peritoneal cavity of guinea-pigs cap- 
sules containing tubercle bacilli, and the animals soon acquired tubercu- 
lin hypersensitiveness, showing at autopsy no tuberculous lesions. Walle’* 
and Maussu’® report similar observations. 
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The views of Wolff-Eisner seem to fit best into what we at present 
know of the tuberculin reaction and, shorn of their technicality, are 
briefly this: Tubereulin, which really consists of ultramicroscopic por- 
tions of the tubercle bacillus, produces the same effects in the animal 
body as tubercle bacilli, except that the latter are capable of multiplica- 
tion. The local tuberculin reaction is caused by an accumulation of lvin- 
phoid cells, and true giant cells are formed. The injection of living 
tubercle bacilli is followed by the development of hypersensitiveness the 
same as that which follows tuberculin injections. As in typhoid and 


11. Lowenstein and Rappaport: Ztschr. f. Tuberk., 1904, v, 285. Anderson: 
IIvgienie Laboratory Bulletin, No. 26, 1907. 

12. von Pirquet and Schick: Die Serumkrankheit, Vienna, 1905. Rosenau and 

13. Centralbl. f. Bakteriol., 1902, p. 712. 

14. Compt.-rend, Soe. de biol., Ixi, No, 28 

15. Semaine méd., 1907, No. 49. 
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cholera, the immunity reaction in tuberculosis depends on the presence 
of lysins. The tuberculin reaction is not due to the tuberculin itself 
nor to the disintegration at the site of disease, but to a new toxic 
substance formed by the action of the lysins on the albuminous portion 
of the bacillary body. For this toxic substance to become active the 
organism must be in a condition of hypersensitiveness. There are, then, 
two factors to be considered: the presence of lysins and the condition of 
hyvpersusceptibility. The lvsins may be artificially increased and are the 
hodies which deviate complement in Wasserman’s experiment. The 
hypersensitiveness varies under conditions of which we are still ignorant, 
but it, too, may to some extent be stimulated or obtused. Normally 
there is no lysin present, or so small an amount that when tuberculin is 
injected the transformation goes on so slowly that the newly formed 
toxin causes no appreciable effect. Under continuous minimal stimula- 
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tion the quantity of lysin increases, and the transformation then occurs 
so rapidly that after an injection intense toxic symptoms occur. The 
toxin causes a local reaction at the site of injection, constitutional symp- 
toms and an inflammatory reaction at the site of the tuberculous lesion. 
During the inoculation of small doses of tuberculin hypersensitiveness 
is developed. Variation in susceptibility to tuberculin in tuberculous 
subjects depends essentially on variation in hypersensitiveness, lysins 
probably being present in all. 

These theoretical considerations are of great importance for a proper 
appreciation of the clinical significance of the tuberculin reaction. They 
are the basis of a reasonable understanding of the question why many 
healthy individuals react and why some tuberculous subjects do not and 
sive the foundation to our present method of conducting the reaction. 
Any number of instances of developing hypersensitiveness might be pre- 
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sented. Charts Nos. 1, 2 and 3 are examples. In all of them the repeti- 
tion of a small dose has finally liberated a reaction. 


even consider the explanation that Bondelier urges that these reactions 


We can no longer 


are the expression of a summation. Lowenstein disposes of such a view 


in his original communication. The hypersensitiveness following tuber- 
culin administration may last for a vear. Not only can we get a reaction 
by repeating the same small dose, but occasionally the hypersensitiveness 
develops in a most striking manner with decreasing doses. Such a reac- 
tion is uncommon, but we have two illustrations. In Chart 4 the reae- 


tion is seen to follow 1/5 mg. after 1 mg. and 14 mg. were negative. In 
Chart 5 there is seen a marked reaction to 14 mg. after a slight reaction 


to 1 mg. 
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ILYPERSENSITIVENESS. 


THE SIGNIFICANCE OF TUBERCULIN 
We know that many healthy individuals are unaffected by as much as 
50 mg. of tuberculin. What is the significance of this marked sensitive- 
There are two standpoints from which we may 
First, will only those individuals 


ness to the reagent ? 
consider the specificity of tuberculin: 
who are affected with tuberculosis react, and, second, will tuberculous 
individuals react only to tuberculin, or will other substances produce the 
same effect? Our theoretical considerations, if they are valid, would 
certainly answer the first question in the affirmative, and we have a large 
statistical material from which to judge of practical results. In all 
such tests autopsy can alone be the deciding evidence. Naturally in man 
such control is impossible, but the extensive application of tuberculin to 
Fraenkel'® has 


veterinary practice has given us the desired opportunity. 


li. Ztschr. f. Tuberk... i, No. 4. 


- 


452 USE AND VALUE OF TUBERCULIN IN DIAGNOSIS. 


collected 8,000 observations on cattle, and the results of the tuberculin 


reaction have coincided with the autopsy findings in all but a little over 2 


per cent. Voges,’’ in 7,327 observations, found a percentage error of 2.7. 
Nocard.’® in 124 instances, found only one that did not coincide. 
Bang'® has reviewed the question extensively and points out two sources 
of error. A certain number of cattle react in whom at autopsy no tuber- 
culous lesion is found. Such an oceurrence is uncommon and decreases 
in frequeney in inverse proportion with the care exercised in searching 
for the lesion. It is no matter for wonder that a few tubercles no larger 
than the head of a pin will occasionally be overlooked. These animal 
observations impress on us particularly how very slight, indeed, a tuber- 
culous lesion may be that has produced hypersensitiveness. A more im- 
portant source of disagreement between test and autopsy is the not infre- 
quent failure of a manifestly tubereulous animal to react. Such an oe- 
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currence is well appreciated in the study of human tuberculosis and 
would not enter as a disturbing factor in the clinical use of tuberculin. 

It may seem trivial now to stop to consider the second viewpoint of 
tuberculin specificity, but it has played an important réle in the history 
of its use. Rosenbach suggested when tuberculin was first introduced 
that the reaction depended on the instability of the heat-regulating 
mechanism of tuberculous patients and could be produced as well by 
numerous other bacterial poisons. Tuberculin, he contended, would 
cause fever in convalescents and patients in a “weakened condition” as 
readily as in the tuberculous. Matthes,*’ in 1894, investigated the effects 


17. Ztsehr. f. Krankenpfl., 1904, xxvi, Nos, 5-8. 

18. Nocard, cit. Kohler: Tuberculin u. Organisms, Fischer, Jena, 1905. 
1%. Tuberculosis, Leipsic, iii, No. 5. 

20. Deutsch. Areh. f. klin. Med., 1894. 
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of albumoses on tuberculous patients and, finding their injection pro- 


duced reactions, suggested using solutions of these instead of tuberculin 
for the test. His work is still of great interest, indicating that the tuber- 


culin reaction is chemically perhaps a group reaction, all albumoses 


heing effective, but the specific albumose of the tubercle bacillus in far 


smaller doses than any other. The serum of Hayem, a 0.7 per cent. salt 


solution, at one time threatened to destroy belief in the specificity of 


tuberculin. Hutinel,** in an elaborate series of experiments, concluded 


that results with its use were as satisfactory as with tuberculin and that 


it was to be preferred on account of its harmlessness. Combemale and 


Mauton,** however, after extensive observation, showed the fallacy of 


Hutinel’s conclusions. We can very safely say that tuberculin hyper- 


sensitiveness depends on the presence in the body of certain specific 
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substances which can arise only through intimate association with the 


tubercle bacillus and that the reaction is more than an expression of 


thermal instability. 


REACTION, 


THE CLINICAL FEATURES OF THE TUBERCULIN 


We may refer very briefly to our methods of observation, as they are 
those in general use. Fifteen of our cases received their injections at 


Eudowood Sanitarium, 43 at St. Agnes Hospital and 36 were treated as 


ambulant cases in the Dispensary.** In institutions the method of con- 
trol is very simple. After at least one, and usually more: careful exami- 


21. Semaine méd., 1895, p. 117. 
22. Cong. de méd, interne, Lille, 1899. 


23. L am indebted for help in the observation of our patients particularly to 
Drs. S. Wolman, assistant in the Phipps Dispensary; A. M. Forster, resident phy- 
sician Eudowood Sanitarium, and H. H. Hazen, resident physician, St. Agnes 
Hospital. 
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nation the patient's temperature is recorded, and if not above 99 for two 
days injections are begun. During the test period the temperature is 
taken every two hours. After each injection the patient’s symptoms are 
recorded and the chest examined. As a rule, injections are given every 
second day, but at times a longer interval is allowed to elapse. Where 
time was pressing we have given some injections even when the tem- 
perature had previously been a little over 99, but this practice clouds the 
results and should be condemned. The ambulant patients were taught 
to record their own temperature and pulse rate and to keep a daily record 
of their symptoms. If after an injection their temperature goes to 99.4 
or over, they report at the dispensary the following morning for examina- 
tion, or if they are too ill they are visited at their homes. Injections are 
given twice a week. The method has proved very satisfactory, indeed, 
and we are making more and more of our observations in the dispensary 
instead of transfering the patients to a hospital. 
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In every tuberculin reaction there are four essential features which 
are the object of careful clinical observation: the temperature, the con- 
stitutional symptoms, the local reaction and the focal reaction. 

When a patient reacts to tuberculin the temperature, as a rule, begins 
to rise in 6 to 12 hours, reaches its height in 12 to 24, and is normal 
again in 24 to 36. Unfortunately in analyzing our histories the length 
of time between the injection and the beginning of the rise was noted in 
only nineteen as follows: 

In 10 instances, less than six hours. 

In 6 instances, between six and twelve hours. 

In 3 instances, between twelve and twenty-four hours. 

It is uncommon for the reaction to be delayed over 24 hours, but Dr. 
Wolman has given me the notes of a case in which the temperature did 
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not begin to rise until 36 hours after the injection. In 64 observations 
the time between the injection and the height of the reaction was as 
follows: 


In 2 cases, less than six hours. 

In 14 cases, between six and twelve hours. 

In 38 cases, between twelve and twenty-four hours. 
In ten cases, over twenty-four hours. 


The longest time was 36 hours and the shortest four. The duration 
of the reaction was as follows: 

In 9 cases, less than twelve hours, 

In 19 cases, between twelve and twenty-four hours, 

In 25 cases, between twenty-four and forty-eight hours. 

In 11 cases, over forty-eight hours. 
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The longest durations were ten di ivs, over one week and three weeks. 
It is of interest to know if the duration and severity of a reaction 
bear any relation to the size of the dose which liberates it. Such figures 
would be of value, if the reactions always occurred at the first injection, 


if we had any method of estimating how large such a dose should be. As 


it is, we must grope about in the dark until we find the proper dose, and 


in our experimentation the susceptibility of a patient may be greatly 
altered. To give 1 mg. after having given a few fifths is quite different 
from starting with 1 mg. 

In 9 cases with a duration less than 12 hours, the liberating dose was 


under 1 mg. in 3 cases and 1 mg. or over in 6 cases. 
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In the 19 cases with a duration between 12 and 24 hours, the liber- 
ating dose was under 1 mg. in 5 cases and 1 mg. or over in 14 eases. 

In the 25 cases with a duration between 24 and 48 hours the liber- 
ating dose was under 1 mg. in 5 cases and 1 mg. or over in 20 cases. 

In the 11 cases with a duration of 48 hours or over, the liberating 
dose was under 1 mg. in 3 cases and 1 mg. or over in 8 cases. 

By transposing these results we have the following: Of 16 cases 
reacting to doses under 1 mg., in 8 the duration of the reaction was less 
than 24 hours; in 8 the duration was over 24 hours. Of 48 cases reacting 
to doses of 1 mg. or over, in 20 the duration of the reaction was less than 
24 hours; in 28 the duration was over 24 hours. 

Certainly there is no striking difference in the duration of the reac- 
tion after large or small doses. According to the height which the tem- 
perature reaches, we may divide our cases into three groups: mild reac- 
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tions in which the temperature remains under 100; moderate reactions, 
between 100 and 102; severe reactions, over 102. 

Of 23 cases reacting to doses under 1 mg., 6 gave a severe reaction, 
12 gave a moderate reaction, and 5 gave a al reaction, 

Of 53 cases reacting to doses of 1 mg. or over, 20 gave a severe reac- 
tion, 29 gave a moderate reaction, and 4 gave a mild reaction. 

There is a higher percentage of severe reactions to the larger than to 
the smaller dose. Hammer, from an analysis of 180 cases, concludes 
that duration and severity of a reaction bear no relation to the size of the 
dose. In his series, however, he begins with 1 mg. 

As our figures show, the usual type of temperature curve in a tubes 
culin reaction is a gradual rise to the high point and gradual fall to the 


normal as seen in the characteristic Chart 6. 
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Occasionally the temperature rises abruptly, at times the onset being 
marked by a chill so that only a few hours may elapse between the be- 
ginning of the rise and the fastigium as in Chart 7. The fall may be 
as abrupt as the rise, the whole reaction being over in four to six hours, 
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as in Chart 8. Not infrequently the first elevation is followed by a sec- 


ondary rise, as in Chart 9. Chart 10 is a good example of a sustained 


reaction. Of special importance are the cases in which the reaction 1s 


followed by a continued elevation of temperature for days or even weeks, 
as in Charts 11 and 12. 
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Chart No. 17. 


The constitutional symptoms are as varied in character and in in- 
tensity as the temperature curve. They begin with the onset of the fever, 
reach the maximum at its highest point and gradually subside. When the 
temperature reaches normal the patient feels well again, except after 
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unusually severe reactions, when prostration and malaise may persist for 
days. The severity of the symptoms and the height of the fever bear no 
constant relation, however; indeed, the two seem often to be quite inde- 
pendent of one another. In many cases, as those shown in Charts 13 and 
14, the constitutional symptoms are very slight, though the temperature 
reaction is over 102, while in others, as in cases shown in Charts 15 and 
16, the constitutional symptoms are intense, though the temperature does 
not go over 100. 
In the 17 eases with no marked constitutional symptoms: 


3 had a slight febrile reaction. 
10 had a moderate febrile reaction. 
4 had a severe febrile reaction. 
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In 45 cases with well-marked constitutional symptoms : 
3 had a slight febrile reaction. 
25 had a moderate febrile reaction. 
15 had a severe febrile reaction. 
In 14 cases with intense constitutional symptoms : 
3 had a slight febrile reaction. 
5 had a moderate febrile reaction. 
6 had a severe febrile reaction. 

I have made no attempt to analyze the various symptoms which arise 
and their frequency. This has been done in a thorough manner by Ham- 
mer. In typical cases patients invariably compare their symptoms to 
those of grippe. There is marked prostration, headache, intense pain in 
all the joints and limbs, and frequently nausea and vomiting. These 


symptoms may at times hecome alarming. No. 17 is the chart of a 
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patient, with a suggestive history and indefinite physical signs, who 
received an initial dose of 1 mg. Although the temperature rose only to 
100.2, she became extremely ill. Almost incessant vomiting for three days 
with severe abdominal pain so prostrated her that the attendants and 
even the resident physician were seriously concerned about her safety. 
She recovered completely, however, and to all appearances suffered no 
permanent ill effects. Two of our cases became delirious; one, an epi- 
leptic, had a convulsion at the height of the reaction; two cases had an 
extensive eruption of herpes, and one unilateral sweating on the side of 
the injection. It is remarkable how frequently constitutional symptoms 
are present without a rise in temperature. For instance, the patient 
whose case is represented in Chart 18 received four injections of 1/5 mg.. 
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then 1 mg. and then 2 mg. After the first dose she complained of gen- 
eral malaise and prostration, and after 1 mg. was quite ill. There is, 
however, no elevation of temperature until 2 mg. are given. It is com- 
mon to have patients say, “Each one of these injections makes me very 
sick, but I have no fever.” 

The local reaction at the site of injection consists in redness, swelling 
and pain. The regional glands, too, are often swollen and tender. Un- 
fortunately, its presence or absence has not been regularly noted in our 
records, but I can recall no single instance in which a patient reacted 
and it was absent. It may not be present after the particular dose which 


liberates a reaction. but when it is absent then it has been well marked 


after previous injections. Even more frequently than the constitutional 
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symptoms it is a forerunner of the coming reaction. It is almost the 
rule for patients to complain of pain and swelling after the doses pre- 
ceding the one that gives a reaction. At times the local phenomena 
with the accompanying glandular swelling are the most prominent fea- 
tures in the reaction. Even with slight fever and almost negligible con- 
stitutional symptoms, a tumor as large as one’s fist may arise at the point 
of injection. Curiously, too, a patient may show such a local reaction | 
and never give either a rise of temperature or complain of constitutional 
symptoms even after much larger doses. We have two such instances. 
The patient whose case is shown in Chart 19 received four doses of 1/5 
mg., one each of 14% mg., 2 mg. and 10 mg. After the first dose 
the temperature rose to 99.4 and there was marked pain and awelling at 
the site of the injection. After the second dose there was no rise of tem- 
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perature and the local reaction was slight. From then on there was 
neither local nor febrile reaction, except that after 5 mg. the temperature 
went to 99.2. The patient never complained of constitutional symptoms. 
In the case shown in Chart 20 there was a marked local reaction after the 
first two injections. 

When a tuberculous lesion is situated externally very remarkable 
changes are seen to occur during a tuberculin reaction. The focus be- 
comes swollen and red and moist, and if the inflammatory reaction is 
severe it is followed by necrosis and sloughing. If the lesion is in the 


lung, evidence of such a reaction may be obtained from the symptoms 
and from physical examination. The characteristic symptoms are pain 


LOUIS HAMMAN. 461 


in the chest and increased cough and expectoration. Occasionally there 
is hemoptysis, and tubercle bacilli, absent before, may appear in the 
sputum for the first time. In the case shown in Chart 21, with indefinite 
pulmonary signs, four sputum examinations were negative before the 
reaction; the fifth, immediately after, positive. In the case shown in 
Chart 22 several examinations before the reaction were negative; the 
one immediately after, positive. Méller reports similar observations in 
4 of 123 cases. Our 2 instances occurred among 63 suspected cases that 
reacted. Fraenkel,** in 167 cases, found none that showed tubercle 
bacilli in the sputum after the reaction where they had been absent be- 


fore. Hammer observed it once in 164 reactions. 
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Symptoms of a focal reaction in the lungs are not uncommon. In 60 
doubtful cases that reacted, they were noted in 18 and marked as defi- 
nitely absent in 17. In the remaining 25 cases no note is made about the 
condition, which means in practically all of the cases that the symptoms 
were not present. Of the 18 cases, 10 complained of increased cough, 
and 4 of these of increased sputum; 9 complained of pain in the chest. 
Of 13 cases with definite signs of a pulmonary lesion, 8 gave definite 
focal symptoms, and in only one the note is made that they were absent. 

The physical signs of a focal reaction in the lung consist of changes 
in the character of the breath sounds and the increase or fresh appear- 


24. Fraenkel: Lehr. d. Path. u. Ther, d. Lungenkrankheiten. 
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ance of rales. The frequeney with which such signs are discovered will 
depend largely on the standard one sets. Roepke found them in 45 per 
cent. of his cases, but changes in the intensity of the breath sounds or 
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increased roughness or an accentuation of inspiratory sacculations he 
nterprets as ample evidence. We have not felt confidence enough in our 
ability to predicate unmistakably such slight changes and have made the 
finding of rales where there were none before or a definite increase in 
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number or extent of pre-existing rales our criterion. In our 63 suspected 
cases that reacted there was a well-marked change in the local physical 
signs in 14: in 9 more there were suggestive but not definite changes; in 
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37 there was absolutely no change; in 3 the histery notes are incomplete. 
In 13 cases with definite pulmonary lesions, 8 gave signs of a focal reac- 
tion, 4 showed no change in the physical signs and in 1 the physical signs 
almost entirely disappeared. This latter observation is unique in our 
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Chart No. 
experience. The patient whose case is shown in Chart 23, a girl, aged 17 
years, had dulness, suppressed breath sounds and numerous moist and a 
few sibilant rales over the left back from the angle of the scapula to the 
base. The lesion having persisted for about six weeks without any change 


Chart No. 24. 


in the physical signs, the patient was given tuberculin. Four doses of 14 
mg. each were administered, and after the second the temperature rose 
to 99.5. after the fourth to 103.5. There were well-marked constitutional! 
symptoms with cough and expectoration, which had been absent before. 
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The sputum showed no tubercle bacilli. There was great pain, redness 
and swelling at the site of injection. After the second dose the rales were 
fewer in number. After the fourth they had almost completely disap- 
peared. One month later the rales had returned and still persist, almost 
a year after the reaction. We can not say definitely that the pulmonary 
lesion in this case is tuberculous; it may have been an unusual coinci- 
dence, but a very striking association it is. The absence of the signs of a 
focal reaction in 46 cases that reacted may be accounted for by supposing 
that in a certain number the tuberculous lesion was not in the lungs, and 
in those in which there was a pulmonary focus that the reaction may 
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have been too mild to make a difference in the physical signs or the focus 
too — to be appreciated by our methods of investigation. 

15 suspected cases reacting to doses under 1 mg., 2 gave a focal 
reaction. Of 45 suspected cases reacting to doses of 1 mg. or over, 12 
gave a focal reaction. Of 4 definite cases reacting to doses under 1 mg.. 
2 gave a focal reaction. Of 8 definite cases reacting to doses of 1 mg. 
over, 6 gave a focal reaction. Of the 6 last mentioned, however, 2 ai 
focal reactions to doses under 1 mg., but no febrile reaction. 


Of 6 suspected cases showing a mild reaction, 1 gave signs of a focal 


reaction. Of 33 suspected cases showing a moderate reaction, 7 gave 
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signs of a focal reaction. Of 19 suspected cases showing a severe reac- 
tion, 6 gave signs of a focal reaction. 

These figures show a larger number of focal reactions to high doses 
and in cases with severe reactions. There is, however, no constant rela- 
tion between the height and duration of the febrile reaction or the sever- 
ity of the constitutional symptoms and the focal changes. In Case 42, 
without a high temperature reaction and with but slight constitutional 
symptoms, the signs of the focal reaction were particularly striking. In 
the case shown in Chart 24 they were, too, unusually well marked. In 
many instances with most severe constitutional svmptoms and high fever 


there was no focal reaction. In the cases shown in Charts 25 and 26, 
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with definite signs of disease, the focal reaction occurred long before the 
febrile reaction. In both of these cases the physical signs spread very 
markedly, and in one case they had not receded after eight months, and 
in the other they have not completely receded after ten months, although 
the patient’s general condition is greatly improved and all his symptoms 
have disappeared. The case shown in Chart 27 is of particular interest. 

The patient had suggestive symptoms but no definite signs of pul- 
monary disease. After the second dose of one-fifth of a milligram the 
temperature rose to 100. After none of the others did it go over 99.2. 
Following the second injection showers of rales were heard above the 
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left clavicle and in the left supraspinous fossa. These then disappeared 
to become evident again after the injection of 10 milligrams. In order 
to control these observations a second series of injections was given and 
again after the second and eighth injections the same profuse shower of 
rales was heard and less numerous rales after some of the intermediate 
‘loses. When tuberculin was stopped the rales disappeared. 


rHE CRITERIA OF A REACTION TO TUBERCULIN. 

When the four cardinal symptoms of a tuberculin reaction are present 
there is no difficulty in making a positive statement; but, as our analysis 
has shown, such an occurrence is uncommon, and in some instances 
where only one or even two are present there may be difficulty in deti- 
nitely deciding that the patient has tuberculin hypersensitiveness. The 
most Important of the four features is without doubt the signs of a focal 
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reaction, and in the case shown in Chart 27, to which reference has just 
heen made, I am sure no one would hesitate to call the reaction positive, 
although there is only one rise of temperature above normal, and this 
unaccompanied by any marked constitutional svmptoms. In the case 
shown in Chart 28, after several rises to 99, the temperature goes to 
09.2 after the seventh injection, and then there is no further rise even 
after 10 mg. In Chart 29 the temperature goes to 100 after the second 
dese and then there is no further rise. In Case 84 the temperature rises 
after 1 mg. to 100.5 and then no reaction to 5 mg. In Chart 19 it goes 
to 99.4 after the first injection. In none of these were there any consti- 
tutional svmptoms or signs of a focal reaction, but the case, shown in 
Chart 19, showed a marked local reaction after the first dose. We 
have considered all four of these negative, although it must be admitted 
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that No. 19 possessed a certain grade of tuberculin liypersensitiveness. 
Moller?* and Hammer*® call attention to the frequent occurrence of 
such slight temperature rises after the first doses of tuberculin and they, 
too, consider them negative if there is no rise to subsequent higher doses 
The case shown in Chart 20 shows no febrile reaction and no constitu- 
tional symptoms, but a marked local reaction after the first and second 
dose. This case, too, we have considered negative: although there muat 
have been some hypersensitiveness. The patient whose case is shown in 
Chart 30 had an old tuberculous knee with cough and indefinite pul- 
monary signs. She gave the most marked local reactions of any case in 
our series, each injection being followed by a large tumor with swelling 
of the adjacent lymph glands. Oddly enough, the injections in the right 
side of the back were invariably followed by more marked swelling than 
those in the left. As the chart shows, there was never a marked rise of 
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temperature and there were only very slight constitutional symptoms. 
It is not easy to decide whether one should call such a reaction positive 
or negative. It gives some support to the view that local reactions with 
only slight fever and slight constitutional symptoms indicate healed 
rather that active lesions. Chart 31, too, presents difficulties in inter- 
pretation. Constitutional svmptoms were present only after 10 mg. 
There was a marked local reaction after the fifth and ninth injections. 
The case shown in Chart 32 illustrates the irregular type of reaction 
which often occurs in advanced pulmonary tuberculosis. There is more 
of a general increase in the fever variations associated with signs of a 
marked focal reaction than an abrupt rise. 


25. In Schroeder-Blumenfeid: Therapie d. Lungensehwindsucht, Leipsic, 1904. 
26. Beitr. z. Klin. d. Tuberk., 1904, ii, 285. 
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THE DANGERS OF A TUBERCULIN REACTION, 

Moller, Trudeau and other men of large experience assure us that 
when protected with reasonable caution the test has no dangers. There 
has, however, grown up in the use of tuberculin therapeutically a strong 
feeling that reactions are fraught with danger to the patient; and such 
a careful observer as Sahli refuses ever to produce a reaction purposely 
even to establish a diagnosis. Certainly in the two cases previously re- 
ferred to the existing signs rapidly spread while diagnostic doses of tu- 
berculin were being given and did not recede when the reaction subsided. 
It is true that these were definite cases of pulmonary tuberculosis and 
tuberculin was not needed to confirm the diagnosis, but thev have im- 


pressed on us caution, and | feel strongly that tuberculin should be used 


as an aid in diagnosis only when our usual methods of investigation have 
failed to give a definite conclusion. This still leaves a field wide enough. 
One can not look with indifference on a reagent which may produce such 


intense constitutional symptoms and such prolonged periods of fever as 
in the instances we have cited. However, in none of our doubtful cases 


did any signs or symptoms remain which could be interpreted as perma- 
nent injuries from the use of tuberculin. 


THE CLINICAL INTERPRETATION OF TUBERCULIN HYPERSENSITIVENESS. 

A positive tuberculin reaction means tuberculin hypersensitiveness, 
and as veterinary practice has shown, tuberculin hypersensitiveness 
signifies a previous intimate contact with the tubercle bacillus. It is a 
notorious experience both in veterinary and in medical practice that ani- 
mals with advanced tuberculous lesions fail to show tuberculin hyper- 
sensitiveness, for which we have already given a theoretical explanation ; 
at any rate there is never any question of diagnosis in such instances, 
and in doubtful cases a negative tuberculin reaction means that the 
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patient has no active tuberculous lesion. Prolonged clinical observation 
of such negative cases has invariably lent support to this view, and while 
it need not theoretically be absolutely certain, practically it nearly ap- 
proaches certainty. The interpretation of a positive reaction is by no 
means so simple. The statistics of Naegeli** and Burkhardt** show how 
wide the distribution of the tubercle bacillus is among human beings, 
and it becomes a matter for practical demonstration to show under what 
conditions these infected individuals show tuberculin hypersensitiveness. 
One is immediately struck, in looking at any large set of statistics of the 
tuberculin test, by the fact that so many individuals react. Beck** 
reports observations on 2,508 patients, and of these 1,525, or 60.8 per 
cent., react; 371 were definitely tuberculous and all reacted: 425 were 
suspected of having tuberculosis, and of these 364 reacted: 1,714 were 
convalescents or patients ill with other diseases, and none were sus- 
pected of having tuberculous lesions; 790, or 46.1 per cent., reacted. 
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These figures bear a striking resemblance to Burkhardt’s statistics of 
1,262 autopsies on adults. Tuberculous lesions were found in practically 
all and showed signs of activity in 62.5 per cent. Franz*® injected 400 
recruits of the Bohemian Army and 61 per cent. reacted. Fraenkel'*** 
reports 200 observations. Of 56 tuberculous cases all reacted; of 76 
suspected cases 70 reacted; of 68 unsuspected patients 37, or 56 per 
cent., reacted. Of Bandelier’s 500 suspected cases all but 37 reacted; 
of Hammer’s 180, 164 reacted. Roth-Schultz reports, of 640 men 98.5 
per cent. reactions, of 299 women 96.3 per cent. These patients all had 


. Naegeli cit. Burkhardt: Heft i, p. 139. 

. Ztsehr. f. Hyg., liii, Heft i, p. 139. 

. Deutsch. med. Wehnschr., 1899, Nos. 5-1. 

. Miinchen med, Wehnschr., 1902, No. 7, p. 302. 
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svmptoms or physical signs suggesting a pulmonary lesion. Of our 4 
cases 11 were definitely tuberculous and all reacted, 75 were suspected 
cases and 65 reacted, 8 were patients with disease other than tuberculosis 
and 4 reacted. From these figures it is apparent, then, that about 90 
per cent. of all suspected patients react and about 50 per cent. of patients 
with diseases other than tuberculosis, or individuals in whom no tubercu- 
lous lesion is expected, The objections that have been urged against the 
universal application of the anatomical records of Naegeli and Burkhardt 
may be applied with equal force here. The observations have been made 
for the greater part on general hospital patients, and perhaps the higher 
strata of society would give a lower percentage. This even seems prob- 
able, but we have no figures from which to judge, and it is searcely to be 
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presumed that they would be more than halved. This would still leave 
25 per cent. of individuals without any clinical evidence of a tuberculous 
lesion presenting tuberculin hypersensitiveness. 

There has grown up a widespread feeling of mistrust, or at least of 
suspicion, of sanitarium statistics. With the demand for the earliest 
possible cases of tuberculosis some have intimated that the evidence of 
diagnosis has been too lightly considered and many patients accepted in 
whom the presence of disease was, to say the least, doubtful. No one has 
heen more conscious of such criticism than sanitarium physicians them- 
selves, and they have made every effort to fortify their position. To get 
results in any way commensurate with the great expense of equipment 
and maintenance only early cases can be treated. No one would think 
of demanding the presence of tubercle bacilli in the sputum as the cri- 
terion for admission. Still we ail know that the early symptoms of pul- 
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monary tuberculosis are often vague, the signs inconclusive and our 
judgment frequently faulty. Less than 50 per cent.*' of the patients 
admitted to the German sanatoria have tubercle bacilli in their sputum. 
In the majority the diagnosis depends upon the skill and judgment of 
the physician in charge. Men of experience these are, and far from erit- 
icising their methods I most heartily support them. TI believe firmly that 
the tendency is the correct one, and to achieve the best results let us 
treat a few cases that do not absolutely demand it, confident of the hon- 
esty of our aim and the general success of our method. Unfortunately 
the error in diagnosis is many hundred times on the side of conservatism 
to once on the side of radicalism. It must, however, be granted that in 


exceptional cases one man might offer a positive opinion where another 


At 7 12 12 WL) 


. 


0,008: 


Chart No, 28—Continued 


would express doubt and a third deny—and all three might be men of 
ability and experience. Ina well-conducted sanatorium a certain number 
of such—let us call them questionable—cases must be admitted, and if 
tuberculin is to render us a service in diagnosis here is its especial field. 

Now in justification of sanatorium records Bandelier quotes his re- 
sults. Of 500 cases admitted to the sanatorium with symptoms or signs 
pointing to an early pulmonary tuberculous lesion, but without tubercle 
bacilli in their sputum, all but 37 reacted. This small percentage of 
error demonstrates glowingly, he thinks, that sanitaria treat and cure 
tuberculous patients. These 37 negative cases, however, had no clinical 
features by which they could have been distinguished from the 463 that 
reacted and would have been kept in the sanatorium and treated had 


31. Pickert: Ztschr, f. Tuberku.. 1903, iv, 21. 
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tuberculin not been used. Certainly in our own cases a number of the 
patients that failed to react had far more definite symptoms and signs 
of tuberculosis than many that did react. If tuberculin did no more 
then differentiate 7.4 per cent. of Bandelier’s cases, 9 per cent. of Ham- 
mer’s and 16 per cent. of our own and stamp these definitely as not 
tuberculous it would still be well worth its use. What we take excep- 
tion to is the attitude that a positive tuberculin reaction marks a patient 
not only as a suitable candidate for sanatorium treatment, but one 
urgently in need of it. In the view of our own experienége and of the 
figures we have quoted we can not believe that tuberculin gives “absolute 
certainty” to a diagnosis or that it alone can place sanatorium statistics 
on an “irreproachable basis” (Bandelier). In speaking of a diagnosis 
we refer, of course, to a diagnosis of pulmonary tuberculosis, and let us 
add the qualifying adjective, clinical tuberculosis. As an example, a 
man comes complaining of pulmonary symptoms and the examination 
shows indefinite signs at one apex. He is given tuberculin. If he fails 
to react, our suspicion is dispersed. If he reacts we know that over 25 


per cent. of patients without a suspicion of tuberculosis react, and in 


weighing the evidence I contend that we reach our conclusions more from 
a consideration of the symptoms and physical signs than from the tuber- 
culin reaction. It adds a new bit of evidence to what we already have, 
and even an important bit of evidence, but it does not decide the diag- 
nosis absolutely and indisputably mark the patient as a candidate for 
sanatorium treatment. It is of value only when viewed as a part of the 
general clinical picture and can not be compared in significance to finding 
tubercle bacilli in the sputum nor vet to such a characteristic symptom as 
a frank hemoptysis. It should be remembered, too, that when a patient 
reacts to tuberculin this is no assurance that the disease from which he 
is suffering is tuberculosis. Of our eight cases with diseases other than 
tuberculosis four reacted; one had arthritis deformans, one neurasthenia 
with abdominal symptoms and one bronchiectasis. The fourth case had 
a swelling of the wrist joint the diagnosis of which lay between tuber- 
culosis and sarcoma. ‘The patient gave a typical reaction to the first 
injection of 1/5 mg. of tuberculin. At operation the swelling proved to 
be sarcoma, 

What we have said about the tuberculin reaction in relation to diag- 
nosis has reference only to those cases in which no signs of a focal reac- 
tion are discovered. When a patient reacts to tuberculin and during the 
reaction a perfectly definite change is made out in the physical signs, the 


method becomes one of the most satisfactory diagnostic aids we possess. 
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We then know that the patient has tuberculosis, where he has it and 
something about its extent. 

In our 75 suspected cases, then, we obtained positive information in 
26, 12 being negative and 14 showing signs of a focal reaction. Surely 
these results alone would justify the use of the method. In the remain- 
ing 37 cases that reacted we formed our opinion only after full consider- 
ation of all the features. A number of them we felt sure were not pul- 
monary tuberculosis, and their future course has justified our opinion. 


THE CLINICAL METHOD OF DEMONSTRATING TUBERCULIN 

ILY PERSENSITIVENESS. 
Koch's original method of giving tuberculin was to inject 1 mg., 5 
mg. and then 10 mg., and if there was no reaction to repeat the last dose. 
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Bandelier has advocated that this plan be strictly adhered to. Léwen- 
stein developed the method of repeating smal] doses and has proposed the 
repetition of 1/5 mg. four times. As Raepke very justly objects, too 
many cases of early and definite pulmonary tuberculosis fail to react to 
this procedure to make it of satisfactory general application. In 28 
of our cases that reacted small doses (less than one-half milligram) were 
repeated at least three times before ascending to larger: 15 reacted to 
such repetition, while 13 required higher doses; 5 of the 15 reacted to 
the first dose, 3 to the second, 2 to the third, 4 to the fourth and 1 to 
the fifth. Of the 13 requiring higher doses 8 had a small dose repeated 


three times, 3 four times, 1 five times and 1 eight times: 4 of the cases 
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that failed to react to the repeated smal! doses were definitely pulmonary 
tuberculosis. Repeated injections of tuberculin not only produce hyper- 
susceptibility but they may under certain conditions bring about an oblit- 
eration of pre-existing hypersensitiveness. Just what these conditions 
are we do not know. | quite agree with Kohler, who emphasizes that we 
can never predict just what will follow an injection of tuberculin. We 
have no means of judging whether a patient will react to a small dose 
or to a large dose, mildly or severely. What we aim at is to begin a little 
below the minimal reacting dose and ascend gradually. No definite rou- 
tine can be laid down to fit every case. We modify our method to suit 
conditions as they arise. I do not think there are ten cases in the whole 


series who have received injections just alike. At present our scheme 
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is to vive 1,5 mg., 1/2 mg., 1 mg. and 5 mg., but we seldom carry it out 
in such regular progression. Whenever a patient shows a tendency to 
react to a given dose, instead of following it with a larger the same dose 
should be repeated. In the cases shown in Charts Nos, 21, 55 and 34 
the severe reaction might have been avoided had this rule been followed. 
It is, however, not of universal application, as Charts Nos. 35, 36, 37 
and 22 illustrate. We begin with 1/5 mg. because we have found that 
it is exceptional for a patient to react to this initial dose. Of course 
occasionally patients will react even to much smaller doses, and Chart 
No. 38 shows a typical reaction to 1/1,000 mg. In children the initial 
dose should never be over 1/10 mg. and it is often best to begin with 
120 me. The terminal dose, too, should seldom be over 1 mg. This 
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question of the optional terminal dose has evoked much discussion. Koch 
makes 10 mg. the border beyond which even normal individuals may 
react; however, it would seem quite arbitrarily. Goetsch®* insists that 
we must give 50 mg. to definitely exclude tuberculosis. We know that 
for healthy guinea-pigs there is no maximal dose, for they may stand as 
much as 20 ¢.c. without dying. There is no evidence to show that normal 
human beings are any more susceptible than guinea-pigs, but it is evident 
that there would be difficulty in establishing the point. It must be re- 
membered that in using tuberculin we do not wish to discover trifling evi- 
dences of susceptibility, and as the results of the test are at best incon- 
clusive it would seem that a restriction to moderately small doses would 
after all serve our purpose best. Raepke in a large number of cases got 
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as large a proportion of reactions with 5 mg. as he did with 10 mg. 
as the maximal doses. Turban,** Beck and Mdller have shown that it 
is especially the early, fresh lesions which produce the most marked 
hypersensitiveness, and it is these cases particularly that we seek to 
recognize. 
THE CUTANEOUS AND THE CONJUNCTIVAL TESTS. 

During the past year two valuable contributions have been made to 
the use of tuberculin in diagnosis. Both of these methods depend upon 
the utilization of the local reaction as an index of tuberculin hypersen- 


32. Goetsch. cit. Bandelier; see Note 5. 
33. Turban: Beitrage zur Kentniss der Lungentuberkulose, Wiesbaden, 1899. 
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sitiveness without the production of fever, constitutional symptoms or a 
focal reaction. Von Pirquet** announced in May, 1907, that by putting 
a drop of tuberculin on the skin and making an abrasion through it most 
remarkable variations might be observed in the manner in which different 
individuals reacted. In the tuberculous patient the area becomes red in 
eight to twelve hours, then swollen and infiltrated, and in severe reac- 
tions vesiculation may oecur. Occasionally the reaction may be de- 
layed for thirty-six or forty-eight hours, when it is usually very mild; 

it may develop a few hours after inoculation and rapidly subside. In a 
discussion of Von Pirquet’s report, Wolff-Eisner stated that a similar 
reaction could be obtained by instilling a drop of tuberculin into the con- 
junctiva. Apparently quite independently Calmette made a similar ob- 
servation and reported his method in June, 1907. The literature on 
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these two reactions is already voluminous, but Wolff-Eisner** has col- 
lected it and given an exhaustive review of the results. ~seedl the past 
six months we have been using both methods for diagnosis, and although 
we are not prepared to give a detailed account of our experience I shall 
briefly refer to it. It is now generally conceded that, although the skin 
reaction is specific, it is too delicate a reaction to be of much service in 
diagnosis. Von Pirquet himself noted that nearly all adults reacted, and 
restricted the value of the method to early infancy. It is most inter- 
esting to see in his tables how the percentage of reactions steadily in- 


creases with advancing years: 0 to 4 months, 0 per cent.; 4 to 12 


4. Berl. klin. Wehnschr., 1907, Nos, 22-23. 
35. Beitr. z Klin. d. Tuberk., 1908, ix, No. 1. 
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months, 10 per cent.: 1 to 3 vears, 24 per cent.; 3 to 5 years, 37 per 
cent.; 5 to 8 vears, 56 per cent.; 8 to 14 vears, 60 per cent. Almost 
as many apparently healthy adults react as suspected cases. Of 360 
tuberculous children, 88 per cent. reacted, the negative cases all being far 
advanced. In 100 autopsies on children from 1 to 14 years of age, 30 
cases that had reacted all showed tuberculous lesions and 17 more had 
advanced or miliary tuberculosis that did not react. The other 54 cases 
were apparently free from tuberculosis and only one had reacted. In our 
earlier observations we placed a small] drop of pure tuberculin on the skin 
of the arm and made a superficial abrasion through it. Secondary abra- 
sions were made as controls on the bare skin or through a drop of 50 per 
cent, glycerin. We have never observed a reaction in any of the controls. 


Recently we have aimed to retine the methods by testing various dilutions 
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from 1 to 20 per cent. In 133 observations Iy\ the older methods 60 cases 
were definitely tuberculous, 49 reacted, 11 did not. Of the 11 negative 
cases 9 were being treated with tuberculin and 2 were advanced cases. 
In 46 cases suspected of having tuberculosis, 26 reacted, 20 did not. In 
11 cases of illness other than tuberculosis, 6 reacted, 5 did not; 2 had 
valvular heart disease, 1 lobar pneumonia, 2 neurasthenia, 1 ozena, 4 
typhoid fever. Of 19 apparently healthy individuals, 14 reacted, 5 did 
not. These figures correspond closely with the average reports and illus- 
trate that too many latent or insignificant lesions react for the method 
to be of much value in diagnosis unless the result be negative. 

In performing the eve test Wolff-Eisner and most German observers 


use dilutions of old tuberculin varving in strength from 1 to 5 per cent. 
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To get rid of the glycerin and culture products Calmette precipitates old 
tuberculin with alcohol and dissolves the sediment in normal salt solu- 
tion in strengths of from 14 to 2 per cent. Our own observations have 
shown us conclusively that glycerin in 1 per cent. solution will not cause 
any conjunctival irritation, and we see no reason why simple dilutions of 
tuberculin should not give results as satisfactory as the purified product. 
In our early observations we used a 1 per cent. and 2 per cent. solution 
of purified tuberculin furnished us by Dr. Baldwin of Saranac Lake; 
more recently, simple dilutions of old tuberculin. Our present routine 
is to instil a drop of measured volume of a 1 per cent. solution into one 
eye, if there is no reaction a drop of a 2 per cent. solution into the other, 
and if still no reaction after an interval of three to four days, another 
drop of a 1 per cent. solution into the first eve. Baldwin** and Smithies 
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and Walker*’ give elaborate details of the technic to be employed. We 
have observations on 104 cases in which the eye test was performed; 90 
of these cases were also vaccinated, so the two methods may be compared. 


Thirteen cases were diagnosed not tuberculosis. On the first instillation 11 
were negative and 2 showed very slight reaction. 

On second instillation one case which was slight, became positive and one 
which was negative became positive. 

Five of the cases received a third instillation, 2 remained negative; 2 
which had been negative became positive and 1 which was slight was again 
only slight. 

‘Twelve of these 13 cases were vaccinated. In 4 the reaction was marked; in 
6 slight and in 2 negative. 


Jour. Am. Med. Assn., 1907, xlix, 1969. 
Jour. Am. Med. Assn., 1908, 1, 259. 
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Of the 4 cases with marked reaction, 1 reacted to eve slightly, one posi- 
tively to third instillation, 1 on the second and 1 on the first. 

Of the 6 cases with a slight reaction, 2 were negative to a single instillation, 
1 negative to two instillations and 2 negative to three. One was positive on 
the second instillation. 

Of the two cases with a negative reaction, 1 reacted positively to the second 
eye test, 1 was negative. 

Twenty-four cases were definitely tuberculous. 

First stage, 8 cases: Two positive to first eve test and 1 slight; 2 positive 
to second instillation; 2 negative to a single instillation and 1 negative to two. 
Two of the negative cases had tubercle bacilli in their sputum. All of the 8 
cases were vaccinated. Six gave a marked reaction; 4 of these reacted to the 
eve test, 1 was slight and 1 negative. One gave a slight reaction; the eve was 
negative. One case was negative to vaccination and the eye test but had 
tubercle bacilli in the sputum. 
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Second stage, 5 cases: Three positive to first eye test and 1 negative; 1 
was negative to 3 instillations, Vaccination: Four gave marked reaction; 1 
was negative to vaccination and to all three eve tests. 

Third stage, 9 cases: Two positive to first instillation and 1 slight; 1 posi- 
tive to second instillation; five were negative, 3 to one instillation, 1 to two, and 
1 to three. Eight of these cases were vaccinated. Five gave a marked reaction; 3 
gave positive eve test; 1 slight and 1 negative. One gave a slight reaction; eye 
test slight. Two were negative to vaccination and to eye test. 

An old, apparently healed pulmonary lesion showed no eye reaction to two 
instillations. 

One patient with an old tuberculous knee and symptoms of an early pul- 
monary lesion gave a marked reaction to vaccination and to the first eye test. 

Fifty-six cases were suspected of having pulmonary tuberculosis. Eleven 
gave a definite eve reaction, 4 to the first instillation, 2 to the second, and 5 to 
the third. Twelve gave a slight eve reaction, 4 to the first, 7 to the second, and 
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1 to the third. Thirty-three were negative, 17 to one instillation, 5 to two, and 11 
to three. Of the 56 cases 54 were vaccinated. Twenty-four gave a marked reac- 
tion; 13 gave a mild reaction, and 17 were negative. 

These figures show at a glance how much less frequent the eye reaction is 
than the skin. 
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Of 13 non-tuberculous cases, 2 gave a positive eve reaction, 10 a positive skin 
reaction. 

Of 24 definitely tuberculous cases, 10 gave a definite eye reaction, 17 gave a 
definite skin reaction. 

Of 56 suspected cases, 6 gave a detinite eve reaction, 37 gave a definite skin 


reaction, 
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In this summary it will be noticed that I have counted as positive 

neither the slight eye reactions nor those which became positive only 
after a third instillation. <A slight reaction we have called one in which 

it was just possible to tell in which eve the drop had been put. The 
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reaction usually consisted in a little reddening or slight injection of the 
caruncle. Just what the significance of these extremely mild reactions 
is we are not yet in a position to say, and at least temporarily we are 
unwilling to class them as definitely positive reactions. As will be noted 
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from our figures, 17 suspected cases failed to react to an instillation in 
each eye, but 5 of these did react when a third dose was given. Now, 


this third dose was in nearly all instances only half as large as the second 
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dose, and the eye which at first gave 1. \ction showed most marked 
inflammatory changes after the second a,; .1cation. Evidently an appli- 
cation of tuberculin causes very remarkable changes in the local suscep- 
tibility to its influence. The effects are very similar to the general hyper- 
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susceptibility developed after the injection of small doses of tuberculin 
and the mechanism of the development of the two processes is in all 
probability the same. This reaction upon the instillation of a second dose 
into the same eve is such a frequent phenomenon that this feature alone 
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Chart No. 37 
would seem to contradict any relation to the opsonic index of the blood 


serum. Smithies and Walker consider these second reactions entirely 
accidental, depending on whether we instil at the crest of an opsonic wave 
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or at the trough. Just what the clinical import of these second reactions 
is we as yet can not say. The general impression is that they should not 
be counted as diagnostic reactions. An interesting phenomenon of all 
local reactions is their tendency to flare up upon subsequent injections of 
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tuberculin. The case shown in Chart 39 gave an eve and skin reaction 
and was then put on diagnostic doses of tuberculin. When he reacted to 
2 mg. the eye flared up, the points of vaccination become red and promi- 
nent, and each area of previous injection a little swollen. 

We have then in the eve test a method of applying tuberculin which 
has at least a marked numerical advantage over the other methods. As 
our figures show, not nearly so many suspected cases react as to the injec- 
tion method, but many tuberculous patients do not react and some appa- 
rently healthy individuals do. I may say that many observers present 
figures that are far more convincing than ours and run almost parallel 
with the clinical diagnosis. However, Wolff-Eisner, the introducer of the 
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method, reports results closely similar to our own. Only prolonged 
observation of tested cases will establish satisfactorily the value of the 
method. 

SUMMARY. 

To summarize these considerations we would say then that while 
tuberculin is a valuable aid in the diagnosis of pulmonary tuberculosis 
it must be used with care and the results interpreted with caution. We 
believe that the reaction is a specific one, but it must be borne in mind 
that a very insignificant lesion may produce tuberculin hypersensitive- 


ness and the prevalence of such lesions should be fully realized. A neg- 


ative reaction we consider decisive information, as is also a foeal reaec- 
tion. In the absence of a focal reaction tuberculin hypersensitiveness 
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must be viewed as one phase of the clinical picture and our judgment 
not be too much warped by its presence. As a clinical procedure no rou- 
tine schema can be advised, as we must alter our method to meet condi- 


tions as they arise. For adults some such scale as 1/5, 1/2, 1 and 5 mg. 


may be suggested; for voung children 1/10, 1/5, 1/2 and 1 mg. The 


cutaneous reaction is too delicate an indicator to be of any value in 
diagnosis unless the reaction be negative, which it seldom is in adults. 
The eve reaction gives results more nearly in accord with clinical expe- 
rience, but by no means absolute certainty. We do not feel that it can 
supplant the subcutaneous method. It will be well for some time to use 
the two together, but not simultaneously. The eve inoculations should 
precede the subcutaneous by at least a few days. 
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AN EXPERIMENTAL AND CRITICAL STUDY OF THE 
ETIOLOGY OF CHRONIC NEPHRITIS.* 
HAVEN EMERSON, M.D. 
NEW YORK. 

“It is only when the full etiology of disease is known that the 
medicine of our day can become the medicine of the future—that is 
to say, hygiene in its widest sense.”—PAWLow. 

CONTENTS, 

Introduction—Methods—Selection of material—The effect of alcohol, ether, 
chloroform and amy! nitrite inhalations—The effect of injury of the kidney by 
the hypodermic needle, and of normal saline solution, adrenalin and alcoho! 
solutions injected directly into the renal parenchyma—The effect of adrenalin 
and gelatin solutions injected directly into the veins—Summary of experimental 
results—Discussion on the etiology of chronic nephritis—Conclusions—Bib 
liography. 

INTRODUCTION, 

With the knowledge that the combined death rates from heart and 
kidney diseases have almost doubled within the past twenty-five vears in 
the cities of Boston. New York and Chicago,’ there has been offered no 
sufficient explanation for the cause of this increase, or of the widespread 
occurrence of nephritis, and no means of prevention are proposed offer- 
ing any hope that the increase will be checked in the future. Without 
knowledge of the cause of disease, little of permanent value has ever 
been done toward its prevention, if one might except the discover of 
vaccination for the prevention of smallpox. 

While a variety of substances have been used successfully to cause 
diseased conditions in the kidnevs of animals, such as mineral or veg- 
etable poisons or irritants, the toxins of pathogenic bacteria, and nephro- 
toxins, at present the lesions reported and the conditions created can not 
be claimed to resemble essentially the lesions of chronic productive 
nephritis in man, which are found so frequently at autopsy that a normal 
kidney is a rare exception in an adult. 

Recognizing that the accepted etiologic factors mentioned and copied 
from author to author, from the time of Richard Bright, account for 
many of the frankly-marked cases which can be followed in an almost 
unbroken chain of clinical and pathologic evidence from the inception 


* Work done under the auspices of and aided by a grant from the Rockefeller 
Institute for Medical Research in the laboratories of physiology and pathology in 
the College of Physicians and Surgeons, Columbia University, New York. 

1. Darlington: New York Med. Jour., 1907, Ixxxv, 1158. 
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of the disease until death, there remain unexplained the causes of cases 
of so-called initial nephritis. Chronic inflammatory processes in the 
kidney are so commonly found at autopsy when there has been no reason 
to suspect nephritis before death,? that we must add many cases of un- 
recognized nephritis to those which are recognized but which lack suf- 
ficient etiologic explanation. 

While a variety of causes are known to be responsible for, or to con- 
tribute to, the occurrence of chronic interstitial or productive inflam- 
mation in various tissues, circulatory disturbance resulting in a stag- 
nation of venous blood or a diminution in the supply of arterial blood, 
or both, is an almost constant accompaniment, and may in some instances 
be shown to be the sole cause of the accumulation of connective tissue 
to the permanent and increasing detriment of the functional activity 
of the tissue or the organ involved. 

The means at our disposal to effect changes in the blood supply of 
the kidney are few and offer many obstacles in the way of drawing accu- 
rate conclusions. The facts given here are based on experimental condi- 
tions produced in fourteen dogs over a period of twenty-six months, the 
plan of tests and observations being outlined in the preceding summary. 


METHODS. 


Small and medium-sized dogs were used for the experiments. It was 
found necessary to test the urine of dogs selected, over a period of three 
months, to eliminate those in which occasional or persistent albuminuria 


indicated a probable spontaneous or rather existing nephritis of unknown 


origin.® During this period of probation the dogs were kept in large 
cages, where they had full freedom of movement, and from which they 
were released at least every second day to run about for a short time, 
either in the building or in the yard outside. Their diet during this 
period was water and Spratt’s dog biscuit. In selecting the fourteen 
dogs that were finally used, eleven were rejected because of albuminuria. 
The prevalence of albuminuria in dogs used for experimental purposes 
and the need of care in selecting material has been noted by Pearce*® but 
so far as I can find there is no mention of such precautions being taken 
by any other experimenters with dogs or other animals. Inasmuch 
as removal of a piece of the kidney for diagnostic purposes, before the 
tests are begun, does not give reliable information as to an existing 
nephritis, and, moreover, as such a procedure, as will be shown later, 
tends to the production of such lesions as are being sought for by other 


2. Emerson, P.: Jour, Am, Med, Assn., 1906, xlvi, 5, 89. 
3. Pearce: Univ. Penn, Med. Bull., 1903-4, xvi, 217. 


HAVEN EMERSON. 487 


means, we must rely on the urinary examinations as the best, though 
certainly not a perfect, test for the presence of a nephritis. As Pearce® 
has shown, and as will be shown in the following tests, nephritis may 
exist in dogs without albumin or casts being constantly or at any time 
present in the urine. 

The dogs that were finally selected were kept continuously on the 
diet described above, with occasional changes to meat diet, for periods 
of a week or two every six months. All but three of the dogs suffered 
from mange at one time or another while they were under observation, 
and most of them recovered completely from it by the application of 10 
per cent. sulphur ointment to the skin. Several of the dogs had attacks 
of diarrhea, which were checked by a dose of castor oil and a diet of milk. 

Three classes of test procedures were used: (A) inhalations, (B) 
hypodermic injections into the kidney substance, and (C) hypodermic 


injections into the veins or the muscles of the legs. 


(A) INHALATION METHOD. 


Aleohol, ether, chloroform and amyl nitrite were used to see if the 


repeated use of general vasodilators would produce any appreciable 


changes in the functions or structure of the kidney, The dog was placed 
in an air-tight wooden box, provided with two glass windows in the 
top, and an entrance tube for air at one end connecting directly with 
the supply flask, and an exit tube for air at the other end, provided with 
a mica valve so adjusted as to prevent the entrance of air, but allowing 
air to pass out when the pressure in the box was only slightly over atmos- 
pheric pressure. 

The supply flask was connected by a one-half inch rubber tube with 
the entrance tube of the box by one opening, and to the tube of an arti- 
ficial respiration apparatus by the other opening. A third and very small 
tube, with a stop-cock, in the cork of the supply flask allowed of the 
administration of the desired amount of the drug to be used. The flask 
was immersed in a pail of water, which was kept at a temperature of 
from 30° to 35° C. during alcohol administration, and at from 17° 
to 20° C. when ether, chloroform and amy! nitrite were being given. 

Air was supplied by an artificial respiration apparatus at the rate 
of 35.5 respirations a minute, and each inspiratory blast had a volume 
of 400 e.c. Thus the dogs were supplied with 14,200 c.c. of air a minute. 
As the air passed into the supply flask and out of it into the box it car- 
ried with it some of the vapor of the drug to be administered. Knowing 
the time taken in evaporating the volume of the drug put into the supply 
bottle, and the amount of the drug and of the air supply being known, 
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it was found that the percentage of the drug present in the air which 


the dog breathed was as follows: 


For alcohol during 30 minutes . 01765 per cent. 
For ether during 30 minutes . 03521 per cent. 
For chloroform during 30 minutes .. wtih seectcars per cent. 
For amy! nitrite during 15 minutes O18 per cent. 


There was little or no struggling of the animals in the box, as the 
administration of the drugs was gradual, and after a few treatments the 
dogs usually kept perfectly quiet and relaxed on the floor of the box. 

The respirations and the color of the nose and lips could be watched 
through the windows in the box, and indications of failing circulation 
were met by opening the box or by connecting the air supply tube 
directly with the entrance tube of the box, cutting out the supply flask 
from the circuit. Squibb’s ether, and chloroform, and amyl nitrite were 
used, and absolute alcohol was used. After the treatment was finished 
the dog was allowed to recover gradually from the effect of the drug, 
and when muscular co-ordination was restored he was taken to the cagé 
again. 

(B) HYPODERMIC INJECTIONS INTO THE KIDNEY SUBSTANCE, 

The skin was shaved over the lumbar region on the left side and then 
washed over with 95 per cent. aleohol. The kidney was then fixed as well 
as possible with one hand, and a long hypodermic. needle was passed 
through the skin and lumbar muscle until the kidney was felt. The 
needle point was then passed through the capsule and the dose of the 
drug injected. This procedure was not always successful, but tests on 
the cadaver, and on many dogs which were used for other purposes, and 
observed with the kidney and needle in situ, make me feel confident that 
the majority of attempts were successful. 

To control these tests two dogs were used in which no drug was given. 
In one the needle was simply inserted into the renal parenchyma and 
withdrawn, and in the other 6 ¢.c. of normal saline solution were injected 
into the kidney substance. The alcohol and adrenalin chlorid solutions 
were used to test the possibility of affecting the blood supply of the 
kidney locally without injuring the parenchyma primarily. The alcohol 
was used in 25 per cent. strength in normal salt solution, and the 
adrenalin chlorid was used in 1 to 1,000 solution. 


(C) INTRAVENOUS INJECTIONS. 
The veins of the leg were used and aseptic precautions were observed. 


A 10 per cent. aqueous solution of acetate of lead was used to obtain a 


standard type of chronic toxie nephritis. A 1 to 1,000 solution of 
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adrenalin chlorid was used to see if general vasoconstriction would pro- 
duce any secondary results in the kidney. A 5 per cent. solution of gel- 
atin in water, which was fluid at body temperature, was used to teat 
the effect of persistently increased viscosity of the blood upon renal func- 
tion and structure, the gelatin being injected through a warmed svringe 
with a small aspirating needle. 

URINARY TESTS. 

The urine was collected at intervals during the course of treatment, 
the dog being kept in a metabolism cage for a day or two for the sake 
of obtaining a clean sample of urine. The urine was tested as to its 
specific gravity, for albumin by the use of heat and nitrie acid, and 
microscopically for casts. It may be properly noted here that casts were 
not found in any case. 

HISTOLOGIC MATERIAL, 

At the autopsy specimens of the various organs were hardened in 
equal parts of Mueller’s solution and 5 per cent. formalin and were later 
washed, imbedded in celloidin, sectioned, stained in hematoxylin and 
eosin, and mounted in baisam. 

A. EFFECTS ON THE KIDNEY OF REPEATED GENERAL VASOMOTOR 
DILATATION, 
ALCOHOL, 

In spite of the disagreement among physiologists and among clin- 
icians as to the position alcohol holds in nutrition, there is substantial 
agreement as to its effect on the circulation. The best summary of results 
is found in the recent observations of W. E. Dixon,* who reaches the fol- 
lowing conclusions. 

“Alcohol does not affect all the vessels in the intact animal in the 
same way. 

“Alcohol dilates the vessels of the skin rapidly, and tends to constrict 
the vessels in muscle tissue, and to a less marked degree in the splanchnic 
area, large doses causing immediate splanchnic constriction. 

“The usual effect in man is a central one, causing superficial d-la- 
tation and internal constriction. This is the reaction of the organism 
against the rise of temperature which the increased metabolism would 
otherwise result in. Central stimulation (or stimulation of the corpus 
striatum) causes increased metabolism. 

“The sum total of general pressure changes due to alcohol is usually 
a vasodilatation.” 


4. Dixon: Jour. Physiol., 1907, xxxv, 346. 
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We may suppose, therefore, that the frequent administration of aleo- 
hol to an animal would subject the kidney to fluctuations in its vascular 
supply. Periods when there was a decided decrease in the blood bulk 
passing through the kidney, owing to a lowered general pressure and 
construction of the splanchnic vessels, would result. 


Proroeco. 1. 

Dog.—White male fox terrier; weight, 8290 G. Urine, free from albumin and 
casts; specific gravity, 1013. Diet, deg biscuit and water. Probation period, 
July 1 to Sept. 15, 1905. Normal respiration and pulse at rest, 20 and 100. 

Aleohol was administered by the inhalation method at intervals of a few days 
from Sept. 5, 1905, to March 17, 1906, the doses varying from 25 ¢.c. to 60 ¢.c., 
and the total amount of absolute aleohol used being 700 e¢.c. The duration of 
muscular incoordination averaged two hours at each administration, A marked 
and unexpected result of this method of administering alcohol was the extreme 
rapidity of respiration and the change in the pulse-respiration ratio. At the 
height of the effect, usually at the end of fifteen minutes, the respirations in 
creased to from 220 to 260 a minute, and when on several occasions the dog was 
removed from the box for better observation of this phenomenon, the pulse was 
found to be from 120 to 130 a minute, the respirations remaining at 220 or more. 
This was in no way to be mistaken for dyspnea, as the tongue and nose were 
pink and the rapid respirations persisted for some minutes after the dog was 
removed from the inhalation box. Furthermore, neither this dog, nor the others 
tested in the box, showed any evidence of dyspnea when supplied with air alone, 
and in all probability this was a manifestation of excessive central irritation. 

March 17, 1906: Weight, 9,300 G.; appears in good condition, has had no 
mange: urine contains marked traces of albumin, specific gravity 1020, April 28, 
1906, the dog died, having had general muscular spasms several times a day for 
the past week; death in tonic convulsion; weight, 7940 G. 

Autopsy.—No edema of the body, but dilatation of superficial capillaries; no 
fluid accumulations in the pleura, pericardium or peritoneum. Heart distended 
and enlarged. Lungs deeply congested. Kidneys soft, swollen and congested. 

Histologic Exramination.—The heart muscles and aorta show no changes from 
normal structure. The lungs show intense engorgement with a few areas of 
pneumonie consolidation in what would correspond to the stage of red hepatiza- 
tion. There is no connective tissue increase in the lungs. The liver cells are 
poorly defined, take the stain poorly, and there are a few small areas of necrosis 
in the parenchyma. There is no increase in the connective tissue. The kidneys 
present the picture of severe chronic degeneration. The capsule is much thickened 
and there is an extension of the recently forming new connective tissue from the 
inner layers of the capsule into the cortex of the kidney. Here we find com- 
pression of the superficial tubes. The glomerular tufts are, for the most part, 
distended and the tuft cells increased in number. Elsewhere the glomeruli share 
in the general parenchymatous degeneration. It is difficult to find any normal 
tubules, straight or convoluted. The degeneration has not been of sufficient dura- 
tion to allow of replacement fibrous formation, although small areas of round- 
celled connective tissue are found in the cortical layer. 


ETHER. 


The vasodilatation caused by ether is one of its marked effects on the 
vascular system, and its repeated use might be expected to cause some 
injury to the function of various tissues, as the result of the general low- 
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ering of blood pressure, apart from the accepted irritant effect it has 
upon the kidneys and lungs during and immediately after its adminis- 
tration. 

Prorocor 2. 

Dog. Black and white male fox terrier; weight, 6100 G. Probation period 
from April 28, 1905, to Sept. 9 1905. No albumin or casts in the urine; speciti 
gravity ranged from 1028 to 1038. Respirations from 20 to 24, pulse from fo 
to 100. Ether was administered by inhalation method at frequent intervals from 
Sept. 9. 1905, to March 24, 1906, the doses varving from 90 to 200 ee., and th 
total amount used being 5590 «ec. The duration of the effect of the drug in each 
instance was from 20 to 60 minutes. The pulse was increased from 180 to 200 
and the respiration to from 36 to 44 in the minute. Cyanosis did not occur, and 
the skin, though warm and pink, did not show any marked vasodilatation during 
treatment, 

March 24, 1906: Weight, 7340 G.: in perfect condition; no albumin or casts 
in the urine. 

Feb, 22, 1907: During the past vear the dog has been in uniformly good con 
dition, on the diet as described; no albumin or casts have been found in the 
urine; weight 7210 G. 

July 19, 1907: Still in the best of condition; weight 7210 G.: no albumin o1 
casts; killed by destroying medulla with a knife, i. e.. by “pithing.” 

lutopsy.—No abnormal appearances in any organs. 

Histological Examinations.—HUeart, liver aorta present no abnorm 
microscopic appearances. The kidneys show a marked chronic inflammation 


characterized by moderate thickening of the capsule in a few places, with 
slight increase of connective tissue cells from the surface of the capsule into the 
cortex of the kidney, and a free subeapsular vascular network. The cells of the 
glomerular tufts are increased in size and number, and the capsular cells are in 
some instances increased. There are numerous small areas of connective tissue 
of comparatively recent formation, and in no instance have they resulted in con 
traction of the tufts after a resulting atrophy. The tubular epithelium is swollen 
but not degenerated. The appearance would suggest a chronic productive 
nephritis, resulting from chronie congestion. 


CITLLOROFORM.,. 


Chloroform inhalation causes a fall in general blood pressure and, 
according to Thompson,® an increase of blood flow through the glomeruli 
of the kidney, a prolonged administration resulting in a vascular stasis 
in the glomerular vessels. In other words, aside from its effects as a 
protoplasmic poison, which chloroform has on all tissues, it causes a gen- 
eral low blood pressure throughout the body, and a greater or less con- 


Martin® explain the effect of chloroform inhalation from 1 to 3 per cent. 


gestion of the kidney according to the depth of the narcosis. Embley and 


vapor as due to a paralysis of the neuromuscular mechanism of the renal 
vessels, which they say accounts for most of the fall in general blood 


pressure always noted in chloroform narcosis. 


5. Thompson: Brit. Med, Jour., 1906, i, 608. 


6. Embly and Martin: Jour, Physiol., 1905, xxxii, 147. 
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Prorocoet 3. 


Dog.—Brown and white male fox terrier; weight, 6400 G. Urine, specific 
gravity, 1024; no albumin or casts. Normal respiration, 22; pulse, 90. Probation 
period from April 28, 1905, to Sept. 16, 1905; mange during the summer, cured 
by September 16. Chloroform was administered by inhalation from Sept. 28. 
1905, to March 24, 1906, at frequent intervals. ‘the dose varied from 30 te 
40 ¢.c, at each treatment, the total amount used being 1280 c.c. The duration of 
the effect of the drug varied from 45 to 75 minutes at each treatment; the pulse 
was increased to 96 or 100; respiration decreased to 12 or 14 in a minute. Oc- 
easionally it was necessary to use artificial respiratory movements, with the dog 
removed from the box, to accomplish resuscitation from the occasional collapses, 
which the free use of chloroform sometimes brought on. 

‘eb. 1, 1906: Weight, 6770 G. Appears to suffer from some urinary irrita- 
tion. Urine, specific gravity, 1044; heavy traces of albumin. 

March 24, 1906: Weight, 8050 G. In fine condition; urine free from albumin 
and casts; specific gravity, 1055, 

Nov. 22, 1906: Died; weight, 6040 G.; had been failing in strength for some 
time past; no mange. Except for an apparently enlarged heart there is nothing 
noticeable at autopsy except marked emaciation. 

Histologic Examination.—Heart muscle, aorta and liver normal. Lungs show 
considerable collections of black granules surrounded by connective tissue. Many 
of the alveolar cells include foreign particles. The kidneys show swelling and 
hypertrophy of the tuft cells and some proliferation of the capsular cells about 
the glomeruli. The kidney capsule shows no changes. The tubules show a mod- 
erate cloudy swelling, and the lumen in some instances is filled with granular 
detritus. There is no new connective tissue formation. 


AMYL NITRITE INHALATION, 


Amyl nitrite acts directly on the muscular coat of the blood vessels 
and causes a wide dilatation. The formation of methemoglobin, which 
oceurs rapidly, prevents the use of amyl nitrite over long periods and 
was the cause of death in one of the tests to be described. It was thought 
probable that repeated alterations in the general blood distribution of 
the body, caused by amyl nitrite, might affect the kidneys. 


Prorocor 4. 


Dog.— Brown and white male fox terrier; weight 7050 G. Urine, specitic 
gravity, 1030; no albumin or casts. Normal respiration, 16; pulse, 96. Proba 
tion period from May 24, 1905, to Sept. 11, 1905. Amyl nitrite was administered 
at intervals from Sept. 11, 1905, to Feb. 6, 1906, in doses of from 2 to 7 ¢.c. each, 
the total amount used being 170 e¢.c., the effect lasting from 20 to 40 minutes, 
Vomiting, dizziness and apparently delirium occasionally accompanied recovery 
from the use of the drug. 

Feb. 4, 1906: Urine free from albumin and casts; specific gravity 1050; 
weight, 6730 G. 

Feb, 6, 1906: After being in the box ten minutes with a dose of 4.5 ¢.c. the 
dog collapsed and could not be resuscitated from the extreme cyanosis and 
urgent dyspnea which shortly terminated in death. 

Autopsy.—This revealed a blanched surface, deep (methemoglobin) cyanosis 
of mucous membranes, muscles pale and purplish red, heart intensely engorged, 
lungs collapsed and pale, liver deeply congested, kidneys tense and deeply con- 


gested, stomach and bowels empty. 
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Histologic Examination.—The heart and lung specimens were spoiled in the 
hardening fluid and could not be cut. The liver shows general capillary distention 
and engorgement. The two kidneys appear intensely congested. The glomerular 
tufts are distended with blood. The tubules almost uniformly are separated from 
one another by capillary vessels full of red blood cells instead of appearing to 
be in direct contact which is usually the case, i. e., the entire capillary network 
of the kidney appears engorged without any change in the parenchyma or cap 
sule. There is no new connective tissue formation, This picture of acute con 
gestion would certainly be expected from the cause and manner of death. 

Prorocon 5, 

Dog.—White and brown mongrel male, 8350 G.: no albumin or casts in urine; 
specific gravity 1014. Probation period from June, 1905, to Nov. 4, 1905. Amy] 
nitrite was administered from Feb. 8, 1906, to March 24, 1906, in doses of 3 
ec, each to a total of 50 ¢.c. The effects were similar to those observed in the dog 
of Protocol 4. 

Feb. 26, 1907: Weight 8940 G.: trace of albumin, general condition good 

July 1, 1907: Weight 7500 G.; dog died after a period of gradual failure of 
appetite and nutrition without convulsions or other appearances of disease. 

Autopsy showed no gross evidences of disease except an unusually flabby 
heart muscle and congested lungs. 

Histologic Eramination—The heart, liver and lungs are normal. The kid 
neys show moderate thickening of the capsule, but no tendency to connective in- 
crease or the formation of wedges in the kidney parenchyma. There is distinct, 
though not extensive increase in the glomerular tuft cells, and in a few instances 
a flattening or atrophy of the capsular cells. The tubules are in some places 
markedly degenerated as shown by the granular and non-nucleated condition of 
the cells, the abundant granular detritus in the lumen, and the absence of clearly 
defined cell outlines. A few areas in the outer layer of the cortex show yvourg 
round celled connective tissue formation. 

SUMMARY A. 

1. The inhalation of alecohel] has caused chronic degeneration of the 
kidneys with a beginning connective tissue replacement. 

2. The inhalation of ether has caused a chronic productive nephritis, 
in which we find a swelling of the tubular epithelium, increase in the 
size and number of the glomerular tuft cells and areas of connective 
tissue formation. 

3. The inhalation of chloroform has caused some interference with 
the nutrition of the glomerular and tubular cells, resulting in a mod- 
erate swelling and degeneration. 

4. The inhalation of amyl nitrite has caused in one instance death 
with marked visceral engorgement and intense renal congestment, and 
in another instance we observe a moderate degeneration of the tubular 
epithelium and a connective tissue formation. 

5. The three dogs which had been subjected to alcohol, chloroform, 
and amyl nitrite inhalation a considerable time before their death, died’ 
under such conditions as to make one suspect an error in nutrition and 


elimination, and the pathologic findings, although not conclusive, sug- 
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gest that the condition of the kidneys was probably responsible for their 
deaths. 

6. The facts that the four dogs, which survived the prolonged treat- 
ment by inhalation of the various drugs, gained in weight and main- 
tained apparently excellent health up to the time the treatment was dis- 
discontinued, and that the svmptoms of failure in nutrition oceurred 
some months later, argue for the probability that none of the drugs 
caused acute degenerative changes at the time of their administration, 
as they are known to do when given in large doses, but that the repeated 
disturbances of circulation which all these drugs effect resulted finally 
in the various grades of chronic degeneration, followed or not by chronic 


productive nephritis, which were found at autopsy. 


BB. EFFECT ON THE KIDNEY OF MECHANICAL INJURY OF ITS SUB 
STANCE AND OF VARTOUS DRUGS INJECTED 
DIRECTLY INTO ITS SUBSTANCE, 
ALCOTLOL, 

\leohol was used in two dogs, in one in 50 per cent. strength and 
in the other in 25 per cent. strength, with the expectation that a coagu- 
lation of the kidney substance might occur at the site of the injection, 
which would so interfere with the nutrition of the kidney that a general 


nepliritis would result. 
PROTOCOL 6, 


Dog.—White and black male fox terrier, weight 9110 G. Urine free from 
albumin and casts throughout a four-month probation period as described above. 
Between January Tl and 31, 1906. ten injections of 50 per cent. aleohol of 4 
ee, each were made into the left kidney, No albumin was found in the urine of 
thix dog at any time. 

Feb. 8, 1907: The dow died, weight 5880 G.; it had been failing in strength 
for some time past although taking large amounts of biscuits and water and not 
suffering from diarrhea or vomiting. No convulsions, 

tufopsy.—Emaciation severe; right kidney pale, smooth, normal; left kidney 
deep purple, scarred and intimately adherent to the lumbar muscles. The heart, 
aorta, liver and lungs appear normal, 

Histologic EBxamination.—The heart, aorta and liver appear normal. The 
lungs shew slight capillary congestion. The right kidney has a normal capsule 
and parenchyma. The left kidney shows advanced and extensive, chronic intlam 
mation, most severe at the point of dense renomuscular adhesions and extending 
in a wide area of obliterating connective tissue growth as deep as the pelvis 
of the kidney. In these regions, of which there are several, extensive destruc 
tion of the glomeruli and the tubules has occurred. Hyaline and granular ma 
terial fills the tubules, the tubular epithelium being represented in many cases 
by a shrunken nucleus and a slender layer of cell bodies, The fibrous tissue is 
organized and dense, and what vessels have originally taken part in the active 
process of repair are now sharing in construction and obliteration, as in’ scat 
tissue. The kidney presents all stages of advanced productive nephritis, ap 
parently as the direct result of the coagulation infaret which must have resulted 


at the time of tne injection of aleohol into the kidney substance. 
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PROTOCOL 


Dog.—White and black fox terrier, female; weight after three months’ pro 
bation period 9850 G. Urine, free from albumin and casts, specifie gravity 
1024. From Feb, 2 to Feb, 27, 1906, the dog received ten injections into the left 
kidney of 6 ec, each of 25 per cent. alcohol, 

Dee, 20, 1906: Weight 6300 G.; the dog has been failing for past four weeks, 
appetite is poor and diarrhea is present, lately increasing to general convulsive 
seizures. 

Dee. 24, 1906: Died. Weight 6000 G. 

Autopsy.—Lungs show hypostatic congestion at the bases; the heart and ves 
sels appear normal; right kidney normal; left kidney adherent to lateral abdomi 
nal wall; kidney substance appears normal. 

Histologic Examination—Heart and liver show no variations from normal 
Right kidney appears normal, Left kidney shows moderately thickened capsule 
and a few areas of connective tissue infiltration from the capsule inwards. There 
is no degeneration or inflammatory process throughout the kidney parenchyma. 


ADRENALIN, 

Adrenalin was used in one dog in the expectation that some distinct 
difference between the resulting constriction of vessels locally and the 
effect of alcohol on the kidney might appear. 

PROTOCOL 5S. 


Dog.—White female mongrel; weight 7150 G. No albumin or casts found after 
four months’ probation period. Between Jan. 11. 1906, and Feb. 27, 1906, nine- 
teen injection of 3 c.c. each of adrenalin chlorid solution (1 to 1000) were given 
into the left kidney. 

April 18, 1906: The dog died suddenly without having been ill so far as 
could be observed. Weight 8200 G, 

Autopsy.—The skin and mucous membranes were very pale, the viscera were 
deeply colored, but apparently not congested. The heart appeared enlarged and 
distended with dark venous blood. A small amount of pericardial fluid was 
found. The lungs were collapsed and congested, 

Histologic Exramination—The two kidneys appear the same except for the 
lesions made by the needle in the ieft kidney; its parenchyma and capsule show 
injury. In both kidneys the capsule, glomeruli and tubules are normal except in 
the immediate vicinity of the lesions just noted. The lumen of the tubules ap- 
pears empty or containing a small amount of cell detritus. The heart, aorta, 
liver and lungs are normal, 

SODIUM CILLORID. 


Normal salt solution, 0.8 per cent., was used as a control to see what 
effect on the kidney the injection of an isotonic non-toxic solution would 
have. 

PROTOCOL 


Dog—Black and white female fox terrier, Weight S180 G.; no albumin or 
casts in urine after four months of probation period; specific gravity 1020, 
Between Jan. 11 and Feb. 27, 1906, nineteen injections of normal salt solution 


of 6 cc. each were given into the left kidney. 
March 24, 1906: In fine condition, no albumin. 
Feb, 25, 1907: Weight 9800 G.: in fine condition, no albumin. 
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July 19, 1907: Killed by destroying the medulla by pithing. Weight 7940 G.; 
active and alert though thin. 

tutopsy.—Left kidney showed an area of thickened capsule where it was 
adherent and contracted. Right kidney and the other organs are normal. 

Histologic Examination—The heart, aorta, liver, and right kidney present 
wholly normal structure. The left kidney shows much thickened capsule with 
areas of newly forming connective tissue in the cortex and as deep as the medul- 
lary portion, obliterating the tubules and resembling the wedges of productive 
connective tissue resulting from decapsulation of the normal kidney, or the kid- 
ney in chronic nephritis, with the exception that the areas in the kidney under 
consideration are long, narrow and confined within pretty distinct limits, sug- 
vesting strongly that these areas represent the scar tracts left by the penetrating 
needle. 

MECHANICAL INJURY. 


Two dogs were used to test the effect of the mechanical injury of 
inserting a hypodermic needle in the renal parenchyma. 


PROTOCOL 10. 


Dog.—White and brown female terrier, weight 6130 G.: at the end of a two- 
months’ probation period. No albumin or casts. 

Between Jan, 11 and 31, 1906, the hypodermic needle was passed into the 
left kidney nine times, 

January 31: Being in doubt as to the accuracy of my manipulation of the 
needle, the dog was lightly chloroformed with the intention of locating the 
needle more exactly in the kidney. Unfortunately the dog died under the nar- 
cotic, but the needle was found to have been placed directly into the kidney. 

Autopsy.—Nothing abnormal was found except a few recent hemorrhagic 
areas in and beneath the kidney capsule. 

Histologic Examination.—No variations from normal were found except slen- 
der tracts of young connective tissue in the left kidney. 


PROTOCOL 11. 


Dog.—Yellow mongrel female. After three months of probation period, 
weight 6550 G.; no albumin or casts. 

Between Feb. 1, and 27, 1906, the left kidney was needled twelve times. 

Feb. 14, 1907: After a period of severe mange accompanied by diarrhea and 
loss of weight to 3600 G. the dog died. 

Autopsy.—No macroscopic changes noted except total absence of fat through- 
out the body; kidneys showed no gross lesions. 

Histologic Exraminations.—The liver specimen was excessively hardened and 
could not be sectioned. The heart muscle and aorta appear normal. The lungs 
show congestion and in a few small areas, the alveoli are filled with blood though 
not presenting the appearances of inflammatory consolidation. The left kidney 
shows a thickened capsule with dense connective tissue pressing irregularly on 
the cortex and in places invading it. There is new connective tissue formation in 
several narrow areas deep in the parenchyma of the kidney, presumably the lines 
of needle puncture. Except for these evidences of injury there is no appearance of 
nephritis, the glomeruli and tubules appearing normal, 


SUMMARY B. 


1. Injections of alcohol into the kidney substance cause connective 
tissue increase in the kidney, resulting in an interference with the nour- 
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ishment of the tubules and the glomeruli, which resembles the milder 
grades of chronic productive nephritis. 

2. Adrenalin injected into the kidney substance is not of itself the 
cause of any circulatory or inflammatory changes locally, although the 
injury incident to injection shows a resulting sear. 

3. The use of the hypodermic needle without any injection fluid, 
and the use of normal saline injections into the kidney substance, are 
both followed by the formation of connective tissue tracts in the kidney 
which resembles the replacement fibrosis which occurs in chronie neph- 
ritis. That is, the structural changes observed in nephritis in man is 
imitated, but there is no general distribution of the connective tissue 
throughout the kidney such as appears when there is a true inflammatory 
process, 

C. EFFECT ON THE KIDNEY OF INCREASED VISCOSITY OF THE BLOOD 
DUE TO THE ADDITION OF GELATIN TO THE BLOOD STREAM ; 
AND OF SOLUTIONS OF ADRENALIN CHLORID 
AND OF ACETATE OF LEAD. 

GELATIN. 

In spite of the fact that increased viscosity as a possible cause of 
renal disease has been examined and found wanting by Hirsch and Beck,’ 
it seemed possible that if gelatin were added to the blood over a period 
of days some circulatory or structural changes might be found in the 
kidney. Opitz* has found that gelatin solutions increase the viscosity of 
dog’s blood promptly and to a considerable degree. 


PROTOCOL 12. 

Dog.—Black and white mongrel male, weight 10000 G. After three months’ 
probation period; no albumin or casts in urine; specific gravity 1048. 

Between Jan. 18 and Feb. 27, 1906, nineteen injections of 5 per cent. gelatin 
in water of 6 ¢.c. were given into one of the superficial veins of the dog's legs. 

No albumin or casts were found at any time in the urine of this dog, and on 
July 19, 1907, he was killed by “pithing.” In fine condition, weight 9320 G. 

Autopsy and histologic examination revealed no variations from normal in 
any tissue, 

ADRENALIN CHLORID. 

The use of repeated doses of adrenalin chlorid in the general cireu- 
lation causes temporary vasoconstriction in all the vessels of the body 
except those of the lungs, a great contraction of the kidney vessels and 
a temporary decrease in the secretion of urine. This is a matter of com- 
mon laboratory observation and has been made the subject of exact record 
recently published by Schlaver and Hedinger.*. Such a phenomenon, 


7. Hirsch and Beck: Deutsch. Arch. f. klin. Med., 1902, Ixii, 560. 


8. Opitz: Arch. f. d. ges. Physiol., 1900, Ixxxii, 447. 
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if repeated, might be expected to cause some permanent alteration in 
the blood supply, function or structure of the kidney. 


PROTOCOL 13. 


Dog.—Unftortunately the dog used for this test was infected after seventeen 
injections of 3 ¢.c. each of adrenalin chlorid solution, and death resulted from 
pyemia a few days later. 

Histologic Examination.—The histologic picture of the kidneys was that of 
acute degeneration with hemorrhages in the parenchyma. No conclusions could 
be drawn from this test and time was lacking to repeat. it. 


ACETATE OF LEAD. 
As a control test to have some recognized type of experimentally 
produced nephritis to compare with the lesions produced by the other 
procedures used in this study, the intermuscular injection of solutions of 


acetate of lead was adopted. 
PROTOCOL 14. 

Dog.—Feb, 22, 1906: White and black terrier, male, weight 9850 G. After 
three months’ probation period the urine showed no albumin or casts. Over a 
period of two months injections of 1 ¢.c, each of a 10 per cent. solution of acetate 
of lead were given in the muscles of the legs, 

August 14, 1906. For the past two weeks, convulsions and considerable loss 
of weight. 

lufopsy. 
from normal! were found, 

Histologic Examination.—VThe heart muscle shows no abnormal structure. The 
section of the aorta shows no thickness of the elastic coat, no separation of the 
elastic fibers and no infiltration or degeneration of the endothelial coat. The 
The liver appears normal. The kidneys show no 


Except for the smallness and hardness of the kidneys no variations 


Vasa vasorum appear healthy. 
change in the capsule as to their thickness or vascular supply. The glomeruli are 
distended, everywhere filling the capsule of Bowman completely. The tufts ap- 
pear to be the seat of active cell proliferation, The capsular cells are not increased, 
There is no atrophy, but a uniform swelling of the glomerular tufts. The tubular 
epithelium fills the lumina almost everywhere. There is little cellular detritus 
in the tubules. The cells lining the straight and convoluting tubules are swol- 
There are occasional hemorrhages among the tubules, in some of which ab 


len, 
others are evidently recent. The condition resembles that 


sorption is in process ; 
of a mild chronic degeneration more than a chronic productive nephritis which 
would probably result if the poisoning had been more severe or the period of 
observation longer, 

SUMMARY 


1. Increased viscosity of the blood due to the presence of gelatin does 
not affect the kidneys. 
2. Lead acetate solution caused a chronic degeneration of the kidneys. 
3. Although the test with adrenalin was inconclusive, this failure is 
not of vital importance, as Loeb'® found that inflammatory processes 


Sehlayer and Hedinger: Deutsch, Arch, f. klin. Med., 1907, xe, 1. 


10. Loeb: Am. Jour. Med, 195, exxx, 665, 
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never resulted from adrenalin injections, the effect being degeneration 
processes in various stages. 
DISCUSSION, 

The function of the healthy kidney depends on three main classes 
of factors. Of paramount importance is the blood flow through the kid- 
ney, which may vary in its pressure, its rate, and the size of the vascular 
path to and from the glomeruli and the convoluted tubules. The quality 
of the blood reaching the kidney is important, as it has been shown to 
affect renal secretion through variations in its chemical composition, its 
temperature, its viscosity, and its osmotic pressure. Direct reflex 
nervous stimulation also has been shown to alter the activity of the renal 
epithelium. 

When we find errors in the function of the kidney we must look to 
some alteration of the normal nerve control, or to some defect in the 
quality of the blood, or to some error in the character of the circulation. 
Even grave defects of function may exist and persist even for long 
periods, as, for example, the excessive diuresis in diabetes insipidus, 
without necessarily being accompanied by any appreciable alteration. in 
the secreting cells or in the blood vessels of the kidney. 

Very considerable alteration of the kidney structure is frequently 
found without any suspicion having been aroused of faulty function of 
the kidney, either by the general health of the individual before death, 
or by exact analysis of the urine. It is apparent, then, that the experi- 
mental study of chronic diseases of the kidney can not be expected to 
give a full answer to the question of etiology, 

Histologic examination of kidneys often reveals advanced structural 
changes which have not been suspected by a faulty function during life. 

Urinary analysis fails to supply an altogether reliable source of infor- 
mation as to changes of renal structure, and still less in regard to tem- 
porary errors in the function. Blood analysis, as by ervoscopy, supple- 
ments our other means of diagnosis, but is not invariably sufficient to 
point to the exact character or degree of renal disease, 

Delafield" tersely states: “Any educated physician will now admit 
that albumin may be absent with kidney disease and present without it.” 

A recent test, applied by Schur and Weisel,’* which, it is claimed. 
will detect the presence in the blood of nephritics of a substance exerting 


the mydriatic effect of adrenalin on the frog’s eve, may add to our means 


11. Delatield: Lectures on the Practice of Medicine, New York. Part I, 8-17: 
Part IV, 412-496. 
12. Schur and Weisel: Wien. klin. Wehnschr., 1907, xx, 699. 
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of diagnosis. They say that the sera of normal people do not give this 
reaction, 

We may expect as much information from the accumulation of clin- 
ical data as from animal experimentation. 

A summary of the procedures which have been adopted in animal 
experimentation shows only a few which have actually resulted in the 
approximation of lesions such as are found in chronic nephritis in man, 
Ophiils'® considers that Ehrlich'* and Levaditi'® have produced chronic 
nephritis by the use of vinylamin. Paessler and Heineke'® obtained 
chronic nephritis by operative removal of large parts of the kidney sub- 
stance. Posner’? quotes Orth as having obtained nephritis in rabbits by 
subcutaneous bruising of the kidney. Similar lesions have been pro- 
duced in the present study by coagulation infarcts due to the injection 
of alcohol into the kidneys, These lesions, due to operative removal, 
chemical or mechanical injury, and subsequent fibrous repair, are all 
similar to the cases of chronic productive nephritis reported in the exper- 
imental results of Johnson,'* Emerson, and Osmoloffski*® after decap- 
sulation of the kidney in animals. 

Among the means which have been used to cause the production of 
interstitial changes in the kidney are aloin, boracic acid, cantharidin,?*® 
potassium chlorate, chromic acid, potassium bichromate,** salts of lead,” 
mereury® and arsenic,” oxalic acid, oxamid, sulphuric acid, the toxins of 
the pneumococcus and of the diphtheria bacillus, uranium nitrate, theo- 
cin?” excessive amounts of chlorids** and phosphates,** aleohol** and 
nephrotoxic serum.* 

Caro** found nephritis in cats from five to eight days after experi- 
mental removal of the thyroid. : 

Of all these procedures, the use of small doses of the salts of lead is 


13. Ophiils: Jour. Am, Med. Assn., 1907, xlviii, 483. 

14. Ehrlich: Internat. Beitr, z. inn, Med., 1902, i, 647. 

15. Levaditi: Arch. internat. de pharmacod., 1901, viii, 45. 

16. Paessler and Heineke: Verhandl. d. deutsch, path. Gesellsch., Berlin, 1905, 


17. Posner: Miinchen. med. Wehnschr., 1906, liii, 531. 

18. Johnsen, H. A.: Ann, Surg., Philadelphia, 1903, xxxvii, 592-601. 
1%. Emerson, H: Am. Jour, Med. Se., 1904, p. 692. 

20, Osmoloffski: Russk, Vrach, 1903, ii, S01. 

21. Brodzki: Berl. klin. Wehnsehr., 1906, xliii, 906. 

22. Blank: Ztschr. f. klin. Med., Berlin, 1906, Ix, 400. 

23. Heineke and Myerstein: Deutsch. Arch. f. klin. Med., 1907, xe, 101. 
24. Weber: Arch. f. exper. Path, u. Pharmakol., 1905-6, liv, 1. 

25. Leopold: Ztschr. f. klin, Med., 1906, Ix, 481. 

26, Friedenwald: Jour. Am. Med. Assn., 1905, xlv, 780. 

27. Caro: Mitt. a. d. Grenzgeb, d. Med. u. Chir., 1907, xvii, 447. 
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the only one which is known to produce regularly a chronic nephritis in 
man and animals. All the other procedures have resulted in degeneration 
of the kidney of an acute or chronic character, or have caused but tem- 
porary lesions which leave no permanent effect on the kidney paren- 
chyma. 

We have, then, two methods which caused what resemble the lesions, 
but not the clinical picture of chronic nephritis in man: the use of lead 
salts and the formation of scar tissue within or on the surface of the 
kidney. It is true that neither of these can be considered as frequent 
causes of nephritis in man. 

The causes usually included in the etiology of chronic nephritis in 
man come under four headings: 

1. Infectious diseases: scarlet fever, diphtheria, pneumonia, typhoid 
fever, tuberculosis of any part of the body, septicemia, and erysipelas. 

2. The poisons of gout, rheumatism, syphilis, and lead. 

3. Vices of appetite; the excessive use of nitrogenous and other 
stimulating foods and drinks. 

4. Errors persistent, or frequently repeated, in the circulation; car- 
diac disease; exposure to wet and cold; muscular fatigue; attacks of 
acute or chronic congestion and degeneration of the kidney; attacks of 
acute exudative nephritis; mental worry and anxiety. 

Loeb?* would add that non-nephritic albuminuria leads in a high 
percentage of cases to a real nephritis, and his reasoning to this end is 
important. He finds that orthostatic albuminuria is, in a majority of 
cases, of cardiovascular origin. A diminished blood flow through the 
kidney with increased pressure in the renal vein is the cause of renal 
hyperemia. This condition is often due, according to Krehl,** to the 
“cor juvenum.” 

Again, J. Rose Bradford,*® although denying that all cases of ortho- 
static albuminuria lead to a chronic lesion, explains the increase of 
albuminuria in a convalescent from acute nephritis when assuming the 
erect posture, by the less advantageous circulation which the kidney 
obtains in this position. 

Delafield" gives cases to show that albuminuria appears after pro- 
longed exertion owing to a congestion of the kidneys. After cessation of 
the exertion the albumin regularly disappears within a few hours. 


28. Loeb: Deutsch, Arch, f. klin. Med., 1905, Ixxxv, 348; Ixxwiii, 452. 

29. Krehl: Deutsch. med. Wehnschr., 1905, xxxi, 1872; Deutsch. Arch. f. klin. 
Med., 1906-7, Ixxxviii, 351. 

30. Bradford: Brit. Med. Jour., 1907, i, 725. 
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Fothergill*! (1887) states that the knowledge of that time warranted 
the conclusion that “the waste-laden condition of the blood causes a 
contraction of the tiny arterioles producing high tension. The sustained 
nigh arterial tension sets up atheromatous changes in the arterial walls, 
und from this spring a number of maladies.” While this idea has much 
to support it and has been widely accepted up to the present time, the 
scudies of Slade,** of Sollmann™ and of Opitz* suggest that this concep- 
cion is wrong, and that in the case of meat extractives, although there is 
« general contraction of all smooth muscle tissue, a vasodilatation of the 
kidney vessels occurs. 

Slade found that: (1) Muscle extracts increased the rate and activity 
of the heart. (2) Blood vessels are constricted. (3) Plain muscle of 
the whole body shows increased movement. (4) In the form of beef 
tea, moderate diuresis accompanied by vasodilatation of the kidney 
occurs. 

Sollmann finds that if the viseidity of the blood is increased a dilata- 
tion ef the renal arteries and veins occurs in the perfused excised kidney, 
and that blood has a dilator effect on the vessels of the excised kidney. 

Opitz finds that a heavy meat diet materially increases the viscosity 
of the blood in dogs. 

It would be easier to accommodate this series of experimental] results 
ina theory which postulated a dilatation of the kidney vessels at a time 
when the other vessels of the bedy are contracted, rather than in any 
supposition which demands that the kidney must share uniformly in the 
contraction of the blood vessels of the body at large. When there is an 
increase in proteid extractives in the blood, the viscosity of the blood is 
increased, and if these substances remained in the body they would do 
harm. The stimulus of these harmful substances is apparently re- 
sponded to by two circulatory changes, a constriction in the vessels of 
the body at large, causing high blood pressure, and a dilatation of the 
vessels of the kidney. These alterations in the circulatory distribution 
would at once put the kidney in the best possible condition to secrete, 
i. e., a wide capillary path and high general blood pressure, providing a 
maximum amount to pass through the kidney in a given time. 

That there is a general vasoconstriction and general rise of blood 
pressure is a common observation in nephritis, but it can not at all be 
claimed that constriction of the renal vessel occurs coincidently, and it is 


31. Fothergill: Vaso-renal Changes versus Bright's Disease, New York. Put 
nam, ISS7. 
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to be noted particularly that the splanchnic blood vessels do not neces- 
sarily exhibit vasomotor changes identical with those of the skin and 
muscles. The effect of cold on the surface of the body is to contract the 
vessels of the skin, and this is usually accompanied by diuresis, as Dubois 
and Butruille** have recently demonstrated so successfully, and in this 
case the increased activity of the kidney must be supposed to be due to 
the presence of more blood in the kidney, which can not itself be directly 
affected by the cold which constricts the vessels of the surface of the 
body. 

As Graupner®® savs, high blood pressure occurs In nephritis as soon 
as substances are retained that should be excreted, and it drops spon- 
taneously as soon as the renal function is re-established. Or it may b 
said that an increase in the substances to be excreted puts more work on 
the normal kidney. Increased function demands increased blood flow. 
This = accomplished under physiologic conditions by a rise in hlood pres- 
sure due to increased heart action and vasoconstriction, and we may sup- 
pose to a dilatation of the renal vessels, although a positive proof of this 
is not at hand. 

Morse®® thinks that a certain proportion of cases of chronic nephritis 
in man may be due to the action of chemical substances produced by 
bacteria, inasmuch as the human kidney is more or less constantly ex- 
posed to the action of such substances. 

Grund finds that cystoscopy, ureteral catheterization, and stone in 
the bladder cause reflex interference with renal functions to such a degree 
as to lead to grave errors in the functional powers of the kidney, as well 
as to difficulties in drawing reliable conclusions from urinary analysis 
under such conditions. 

Carter. in a critical and experimental study of the etiology of neph- 
ritis in Galveston, Texas, concludes that the excessive use of meats in a 
warm climate and carelessness in recognizing and treating infectious dis- 
eases, and not the climate per se, are responsible for the prevalence of 
kidney disease in that region. 

v. Homever" in a study of nephritis in the German army from 1884 
to 1904, found the commonest cause of acute nephritis to be the infee- 
tious diseases scarlet fever, tuberculosis and diptheria. Second in fre- 

34. Dubois and Butruille: Echo méd, du nord, 1907, xi, 253-255 
35. Graupner: Berl. klin. Wehnschr., 1907, xliv, 453. 

36. Morse: Jour. Exper. Med., 1896, i, 613. 
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quency as a cause of acute nephritis he found to be chilling and wetting 
of the body, as by sleeping on the damp ground. He found that chronic 
nephritis was often traceable to chilling, and excessive bodily exertion to 
the degree of fatigue, especially in men who had passed through an acute 
nephritis at an earlier date. 

Delafield says,'' “As soon as the blood accumulates in the veins to any 
considerable extent, the kidneys suffer. One of three things regularly 
happens to them: either a chronie congestion, chronic degeneration or 
chronie nephritis is developed.” And, again: “The same mechanical 
obstructions to the circulation—heart disease, pleuritic effusions, ete.— 
which produce chronic congestion can, instead of this, produce chronic 
degeneration.” 

It must be apparent that Councilman’s* conclusion is correct: that 
kidney disease is not an entity, but that the kidney is secondarily af- 
fected. 

If we examine the causes of nephritis as they have been outlined in 
the four classes above, it will be noticed, I think, that there is one im- 
portant factor either constituting the entire cause, as commonly ac- 
cepted, or playing an important part, if not an usually accepted part, in 
each instance. I have reference to circulatory stagnation in the kidney. 
In the infectious diseases the exact physiologic effect of the several bac- 
terial toxins has not been completely studied. We have enough clinical 
data, however, to supplement the few experimental results that are avail- 
able. 

The work of Paessler and Romberg* showed that the cause of death 
in diphtheria and in experimentally produced pneumonia was due, not to 
cardiac failure, but to a toxic paralysis of the peripheral or central vaso- 
motor control, resulting in vascular stasis. 

In typhoid fever*® and tuberculosis** **: ** low blood pressure exists 
for long periods, and there is some experimental proof that the toxins of 
the tubercle bacillus, at least, have a marked vasodepressor action. 

In streptococcus infections, as septicemia, erysipelas, and we might 
almost say in scarlet fever, the uncomplicated results on the circulation 
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are those of low blood pressure, the pressure not rising in scarlet fever 
until albuminuria is established. 

In nephritis following gout, rheumatism, syphilis and chronic lead 
poisoning, the case is not so clear, but it must be kept in mind that in 
all four of these instances there is a marked tendency to fibrous tissue 
formation, especially in the walls of the blood vessels. The high blood 
pressure which results from chronic arteritis may be preceded by stages 
of insufficient pressure which we fail to recognize clinically. 

Where we are considering what I have called vices of appetite or habit 
it will be noticed that the substances mentioned are al] classed commonly 
as stimulants, in that they produce temporary increase in cerebral ac- 
tivity. Excess of activity is compensated for physiologically by relaxa- 
tion and rest, and I believe that it is not too much to claim that in all 
instances where abundant use of meat and stimulants is indulged in the 
circulation undergoes considerable depression after the immediate effect 
of the increased activity has passed. The dilated facial capillaries of 
the hearty eater and drinker are an evidence of vascular stasis following 
frequently repeated over-stimulation. 

What I believe can be shown to be the entire cause of chronic nephri- 
tis in many cases is the result of the various disturbances included in the 
last group. Exposure to wet and cold cause a central congestion by 
peripheral constriction in the skin and muscles. Muscular exertion, if 
carried to the degree of fatigue, results in general relaxation of vascular 
tone. Previous attacks of acute exudative, acute congestive and acute 
degenerative nephritis leave the kidney especially susceptible to subse- 
quent congestion, and are, if repeated, sufficient cause for persistent con- 
gestion and nephritis. The pale surface and tightened artery of the man 
under the strain of business or professional cares is familiar, and every 
such picture presents an instance of physiologic fatigue, in which the 
vasomotor center is being excessively stimulated and the heart is pump- 
ing against unnecessarily high resistance. The result is visceral con- 
gestion. 

Congestion causes functional inadequacy in any tissue. [nadequacy 
of renal function causes, among other things, according to Leopold.** a 
retention of chlorids and phosphates in the blood, and the presence of an 
excess of chlorids and phosphates in the blood may cause albuminuria, 
which of itself is a sign of faulty function and faulty circulation. 


The improvement in chronic nephritis under such treatment as is 
directed chiefly to maintaining the circulation at a constant level of effi- 
ciency is an indication that circulatory error probably shared in the 
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causation of the disease. Webster's’ summary of the treatment of 
chronic nephritis may properly be taken as a type of treatment that 
would be generally accepted. He advises dietetic moderation beyond the 
point of supplying ample food to carry on bodily functions and main- 
tain nutrition; woolen clothing, bathing, open-air life where there are no 
rigors of climate; exercise never to the point of fatigue, to maintain the 
cardiovascular equilibrium at its most efficient point. 

The suggestions with which Janeway* supplements Loeb’s** theory 
of the causation of increased arterial tension and cardiac hypertrophy in 
chronic nephritis show a similar conviction to the one T have expressed. 

“In chronic kidney disease we must look for some cause of the in- 
creased pressure, May it not be that the conditions of the circulation in 
the kidney are such that an increased pressure must be maintained in 
order to accomplish the necessary amount of secretion? Any local or 
general cause of slow bloed fiow. or low blood pressure, or congestion or 
stagnation in the renal circulation would at once be met by an increase 
in general blood pressure. If this is continually persisted in, it is entirely 
conceivable that it might become permanent. Increased arterial pressure 
is a svmptom, or, more truly, a proof of the body's defensive action 
against disease.” 

Oras Loeb himself savs: “Cardiac hypertrophy and inereased blood 
pressure are compensatory reactions, occurring when the glomeruli are 
imperfectly supplied with blood, because inflammation or stasis has 
allowed too low a capillary pressure for proper filtration.” 

Schlaver and Hedinger® note that every injury to the renal vessels 
resulting in an error of cireulation expresses itself in a diminution of 
diuresis. 

CONOCLESTONS. 

From experimental results it would appear that interference with the 
blood supply of the kidney ean be accomplished by means of chemical 
injury to the renal parenchyma, and that the process of repair which 
ensues may involve such a destruction of secreting tissue as to cause the 
death of the animal. 

From the experimental use of general vasodilators, it appears that 
the kidney suffers at least mild grades of degeneration, which may be 
due, not to the specific renal irritation of the drugs employed, but to the 
defective blood supply which frequently repeated vascular relaxation 
causes. 

From an analysis of the accepted causes of chronic nephritis in man 


it is evident that many of them have as a common factor a more or less 


Webster: Am, Jour. Med. Se., 1907, exxxiii, 271. 
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severe and prolonged stagnation in renal blood supply, and, although 
this factor is often accompanied by the presence of irritants which we 
recognize as injurious to the kidney tissue, insufficient blood supply alone 
will cause, first, an error in the function and later an alteration in the 
structure of the kidney. 

As convincing proof of the true cause or causes of chronic nephritis 
in man is not present, we must perforce accept as a theory owe which will 
account for most of the known facts. Loeb’s explanation of the probable 
sequence of the circulatory events coincident with the course of chronic 
nephritis in man might reasonably be supplemented by an explanation of 
the etiology of nephritis which recognizes as a frequent, if not an in- 
variable factor, deficient renal circulation. Faulty function always re- 
sults from deficiencies of blood supply and if the defects persist or are 
frequently repeated faulty structure results. In the case of the kidney, 
the fault in its function resulting from the altered structure in chronic 
nephritis will cause much or little disturbance in the body at large ac- 
cording to the degree of circulatory compensation which ean be main- 
tained. Cardiac disease, bacterial toxins, and metabolic waste products 
are probably the causes of the errors in circulation which cause, first, 
faulty function in the kidney and, finally, chronic nephritis. 

If this theory of etiology is supported by subsequent study, its appli- 
cation to the prevention of nephritis might strengthen existing efforts 
to check the spread of infectious disease, and to urge moderation in the 
habits of over-stimulation and over-work, which are prominent in present 
day life in large centers of population. 
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47. In addition to the above, the following references will be found of interest: 
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1906, Ix, 411.. Josué: Presse méd., 1907, xv, 233. Lutheus: Arch. f. exper. 
Path. u. Pharmakol., 1906, lv, 116. Paessler: Samml. klin. Vortr., 1906, new 
series, No, 2, p. 408. Paessler and Rolly: Deutsch. Area. f. klin. Med., 1903, 
xvi, 217. Riegel: Ztschr. f. klin. Med., Berlin, IS84, vii, 260. Thayer: Am. 
Jour. Med. Se., 1904, Ixxvii, 391. 
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THE PREVENTION OF TROPICAL ABSCESS OF THE LIVER 
BY THE EARLY DIAGNOSIS AND TREATMENT OF THE 
PRESUPPURATIVE STAGE OF AMEBIC HEPATITIS.* 
LEONARD ROGERS, MLD. 

CALCUTTA, INDIA, 


During the last seven vears 1} have enjoved most exceptional oppor- 
tunities for studying tropical abscess of the liver in Calcutta, and have 
now arrived at the conclusion that the disease can and should be pre- 
vented altogether in the great majority of cases. The following are 
briefly the steps by which LT have reached this position : 

In 1902! LT published a paper on tropical, or amebice, abscess of the 
liver and its relationship to amebie dysentery, in which T gave tables to 
show that | had found living amebas in scrapings from the walls of 35 
out of 37 consvevtive liver abscesses, the two negative results being in 
those not examined until twelve or more days after the abscess had been 
opened and drained. Further, two-thirds of the abscesses, when first 
opened, were sterile as regards the presence of bacteria. Kruse and 
Pasquale had previously found amebas in only 6 out of 15 cases exam- 
ined. L also showed that when both a clinical history and a postmortem 
record were available, in over 90> per cent. of the cases vsentery Was 
found to be associated with the liver abscess, and in 95 per cent. of these 
there was evidence that the dysentery had preceded the formation of the 
abscess, While it was always, in my experience, of the amebic variety. 1, 
therefore, concluded that tne large tropical abscesses (as opposed to those 


ue to suppuration in the portal veins or in the bile ducts) were always 
due to the Amabhea lyse nterica, and secondary to amebic dysentery, al- 
though the latter might often be of a latent nature, giving rise to no 
tvpical dyvsenteric symptoms during life, but revealing itself in the form 
of a few amebie ulcers found postmortem, usually high up the large bowel 
in the cecum or ascending colon, 

In a second paper? in 1903 T gave an account of amebice dysentery in 
India and discussed the formation of amebic abscess of the liver. In 


dealt with the value of leucoey tosis in the early diagnosis of 


*Read at the fifth annual meeting of the American Society of Tropical Medi 
cine, held at Baltimore, Mareh 28, 1908, 

1. Brit. Med. Jour., Sept. 20, 102 

2. Brit. Med. Jour., June 6, 19038, 

3. Brit. Med. Jour., 1905, ii, 1291 


LEONARD ROGERS. D9 


amebic abscess and pointed out that, although occasionally an attack of 
acute hepatitis with leucocytosis may clear up without suppuration oc- 
curring, vet, if such cases are followed up, sooner or later an abscess of 
the liver nearly always forms. [| also narrated a case of acute hepatitis 
with leucocevtosis, which cleared up under large doses of ipecacuanhia. 

In 19064 1 published two cases of amebic abscess of the liver success- 
fully treated by aspiration and injection of the soluble bi-hydrochlorid 
of quinin, without drainage, having found that the amebas in thick liver 
abscess pus could readily be killed by that drug in a strength of from 1 
in 100 to 1 in 500, a method which has since proved effective in other 
hands, especially in early deep-seated abscesses, although it fails in many 
more advanced cases. 

While on the lookout for the early stages of the disease for this line 
of treatment, | met a number of cases of fever with leucoeytosis and 
symptoms of acute hepatitis, in some of which aspiration failed to reveal 
any abscess. They vielded, however, very rapidly to full doses of ipecac, 
thus showing that the increase of the leucocytes takes place before actual 
suppuration has taken place and sometimes many days earlier. Last 
vear (1907) LT published® a series of such cases which were rapidly cut 
short in the presuppurative stage by the ipecac treatment, which may be 
briefly summarized as follows: Fifteen cases were met in the Calcutta 
European General Hospital during twelve months. In only three was 
there a clear history of dysentery or symptoms of it while in the hos- 
pital, and they lost their fever and hepatitis after two to four days? 
ipecac treatment, although they had previously suffered from fever for 
15, 34 and 41 days, respectively, and one had been aspirated for liver 
abscess with a negative result. In three more cases of acute hepatitis 
without dysentery not treated ly Ipecac, the fever subsided only after 34 
to 49 days. In five similar cases treated with ipecae the fever subsided 


in 1 to 6 davs, although it had previously persisted for 13 to 50 days, 


one patient having been aspirated for liver abscess with a negative result. 


Lastly, there were three cases of fever with no signs of either dy Sentery 
or hepatitis, other than very slight painless enlargement of the liver, 
hut with leucoeytosis of the same type as in the other Cases, namely, 
without very marked increase of the polynuclears (usually from 70 to SO 
per cent.). They had suffered from fever for 35, 45 and 53 days, re- 
spectively, but it ceased in two to fifteen days under ipecace treatment. 
This is the class of case in which a large, deeply-seated, fibrous-walled 

4. Brit. Med. Jour... June 16, 1906, i, 

5. Practitioner, Lond... 1907, xxviii, 776; Tropical Fevers the Tropies 
(Oxford Medical Publications}. 
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abscess of the liver forms very insidiously with irregular intermittent 
fever, commonly treated as malarial, but with no very obvious signs of 
hepatitis until a very late stage. Two of the above fifteen cases relapsed 
and returned to the hospital 4 and 7 months later, respectively, each 
with an amebie abscess of the liver. 

When dysentery is present and complicated by hepatitis, ipecac is 
advised by Sir Patrick Manson and other authorities, but at the time the 
above paper was published I was unable to find any recent writer who 
recommended large doses of ipecac for hepatitis when not accompanied 
by dysentery, although several of the older Indian authors, especially 
McClean and Norman Chevers, strongly urged its use in such cases also. 
The considerations which led me regularly to adopt this treatment were: 
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Chart 1—Case 1. 


First, finding dysentery associated with 90 per cent. of tropical abscesses 
of the liver, and, second, the fact above mentioned that in many patients 
dying of liver abscess, without history or symptoms of dysentery, amebie 
ulcers are found postmortem in the upper part of the large bowel. I, 
therefore, regarded hepatitis accompanied by leucoevtosis as an indica- 
tion of the presence of latent amebic ulceration of the large bowel, which 
indicated large doses of ipecae for its cure. The results of this treat- 
ment, both those mentioned above and subsequent ones, have been so suc- 
cessful that during the last two years no instance of liver abscess devel- 
oping while the patient was in the European General Hospital, Calcutta, 


has occurred, although a few patients have been admitted with an abscess 
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already formed. On the other hand, a number of very acute hepatitis 
cases have cleared up under ipecae after an abscess had been suspected, 


and in five instances also sought for in vain with an aspirating needle. 


REPORTS OF CASES. 
The following three examples, which have oceurred within the last 
two months, will serve to illustrate the value of this method of early 
diagnosis and treatment: 


VERY ACUTE HEPATITIS CLOSELY FOLLOWING ON DYSENTERY RAPIDLY CURED BY 
IPECAC, 

Case 1.—A European, male, aged 25, was admitted for dysentery of six 

weeks’ duration, passing about six stools daily containing blood and mueus, with 

out pain or straining. He was treated with a castor oil mixture and creolin 


q 


Chart 1—Case 1—Continued. 


enemas, and the bleed and mucus disappeared from the steols after ten days. 
Seven days later (September 11) he began to have pain in the hepatie region 
and in the right shoulder, and his temperature, which had previously been 
slightly subnormal, began to rise (Chart 1). The liver dulness was not  in- 
creased, extending from the sixth rib to the costal margin. The pain continued 
to be severe, and on the 13th the breath sounds were noted to be weak at the 
base of the right lung. Morphia was being given for the pain, and ten grains 
of quinin three times a day for the fever. On the 15th there was profuse sweat- 
ing, while the liver dulnmess now extended up to the fifth rib. Five leeches ap- 
plied over the liver relieved the pain somewhat. On the 16th the right lower 
chest was observed to be moving less than the left, and on the IS8th .-rays showed 
that the diaphragm on the right side was quite motionless, while there appeared 
to be a slight shadow in the right lobe of the liver. Abscess of the liver was, 
therefore, diagnosed. As, however, there had been recent dysentery, which had 
not been treated with full doses of ipecac, the physician in charge of the patient 
(who had over twenty ve * Inaiyn experience) agreed to use the ipecac treat- 
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ment for a short time before operating on the liver abscess, the existence of 
which he did net doubt. Thirty grains of the drug were given daily from the 
1th to the 27th, with the result that the temperature steadily fell, as shown in 
Chart 1, and the signs of acute hepatitis simultaneously subsided. On the 20th 
the pain over the liver and the sweating had both diminished and he slept better. 
By the 21st the pain had ceased over the liver, although it continued in a slight 
degree in the right shoulder for another day. On the 23d the temperature was 
normal and there was no pain or sweating, and all suspicion of liver abscess had 
disappeared. The patient was kept in the hospital up to the 22d of November, 
but had no more signs of dysentery or hepatitis and gained weight steadily 
There was no snadow of doubt in the minds of all who watched this patient that 
the ipecac treatment averted suppuration in the liver. 


DPYSENTERY FOLLOWED BY HEPATITIS WITIL TEMPORARY IMPROVEMENT, VERY ACUTE 
HEPATITIS TWO AND ONE-HALF MONTIIS LATER SUCCESSFULLY 
TREATED WITH ITPRECAC, 
(ase 2 European, male, aged 26, admitted Aug. 20, 1907, with a history of 


dysentery eight months before, followed after three weeks by pain in the 


Name 2 Age 26 
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Chart 2—Case 2. 


trinm. On admission he had slight enlargement of the liver with pain over it. 
Stools loose, but no blood or mucus: intermittent fever rising to LOL or 102 F. 
in the evenings. The diaphragm moved well, and there was only slight Increase 
of the leucoeytes, with but 65 per cent. of polynuclears. The symptoms of hepa 
titis subsided in three weeks under salines and quinin, and he left the hospital 
apparently well, He returned two and a half months later (November 26). hay 
ing had fever every evening for the previous month and a half, with rigor at 
times and sharp pain over the liver on and off. His bowels had been constipated, 
He was now weak and thin. There was slight bulging, without marked tender 
ness, in the hepatic region. The breath sounds at the right base were diminished, 
with a decrease of vocal fremitus and vocal resonance. The liver dulness extended 
from the fifth space to three inches below the costal margin in the nipple line. 


No edema was present, and the spleen was not enlarged. Under x-rays the right 
half of the diaphragm was feund to be two inches higher than the left and 
scarcely moved even with deep respiration, but there was no shadew. A blood 
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count showed 3,570,000 red corpuscles, 15,000 white; ratio of white to red, 1 to 
236; polynuclears, 77 per cent.; lymphocytes, 13 per cent.; large mononuclears 
% per cent., and eosinophiles, 1 per cent. On account of the acuteness of the 
symptoms and the fulness in the hepatic region, liver abscess was suspected, but 
it was determined to try the ipecac treatment before operating, so 30 grains were 
given on the evening of the 27th and 40 grains on the following four evenings 
On the 28th and 29th the hepatic pain was distinctly less, and the patient could 
turn over on his right side, which he could not do before. On the 30th there 
Was no pain or tenderness over the liver. On December 2 his temperature rv 
mained normal for the first time, and a steady convalescence ensued, the liver 
receding until it was only just felt beneath the costal margin. The ipecac wa- 
continued in 30-grain doses at increasing intervals up co Jan. 5, 1908, in order 
to guard against the possibility of a relapse, and he left the hospital apparently 
quite well on January 5. The rapid lessening of the pain, followed by the de 
cline of the fever and enlargement of the liver under the ipecac., wos most strik 
ing in this case, and indicated that this treatment saved the patient from sup 
puration in the liver, 


is fit 
Aulse 
Reap + + = 


Chart 3—Case 3. 


HEPATITIS WITHOUT HISTORY O8 SYMPTOMS OF DYSENTERY RAPIDLY SUBSIDING 


UNDER THE IPECAC TREATMENT. 


CAseE 3.—European, male, aged 51, admitted on Dee, 3, 107, for tever He 
had been ill fer two weeks with fever and pain in the right hyphochondrium 
with nausea and loss of appetite. No rigors, but feel= chilly at times and sweat- 
at night. RBowels constipated, The liver extends one inch below the costal mat 
vin and was very tender. Other organs normal, A blood count on the lt 
showed 4.670.000) red corpus les, 12.875 white: ratio of white to red, 1 to 365 
polynuclears, SL per cent.; lymphocytes, 12 per cent.; large mononuclears, 6, and 
eosinophiles, | per cent. [pecacuanhy was commenced on December 7, 30° grains 
being given each evening. Two days later the temperature began to fall and 
reached normal on the Ilth, after which there was only one rise on the 15th 
accompanied by a rigor, being possibly malarial in origin. On the l7th the liver 
had become reduced in size, being only just felt below the ribs, and the patient 
lett the hospital apparently quite well on December 22 (Chart 3). This is ar 


example of the less acute form of hepatitis, which drifts imsidiously on inte 
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suppuration after weeks of intermittent fever. It is only one step further to the 
class already mentioned, in which there is no pain or tenderness over the liver, 
and the presence of leucocytosis alone raises a suspicion of the true nature of the 
case, Which is confirmed by the chronic fever yielding rapidly to large doses of 
ae, 

METHODS OF GIVING IPECAC, 

In giving large doses of ipecac in amebic dysentery and hepatitis, 
precautions have to be taken to avoid vomiting, especially if it is possible 
that an abseess of the liver has already formed. The usual method is to 
give either tincture of opium or chloral hydrate some twenty minutes 
before the freshly made pills or bolus of ipecac, no food or drink being 
ziven for several hours before and after the dose, which is best adminis- 
tered once a day in the evening. Recently I have had the drug put up in 
quantities of five grains in keratinised capsules, which are not dissolved 
until they reach the small intestines. This has worked very well, no 
antecedent sedative being required. Dr. F. B. Grubbs, of the United 
States Army, has recently informed me that the same desirable effect is 
obtained by coating ipecae pills with melted salol, but I have not vet had 
an opportunity of trying it. From 30 to 60 grain doses of the drug have 
been used, but the smaller quantity appears to be efficient. It should be 
continued for at least two weeks at increasing intervals, as two of my 
earlier cases, in which the ipecac was discontinued as soon as the tem- 
perature fell, relapsed some months later, presumably owing to the latent 


amebie ulcers not having been completely cured. 


DURATION OF THE PRESUPPURATIVE STAGE OF AMEBIC HEPATITIS. 

There remains to be considered a very important question: What is 
the usual duration of the presuppurative stage of amebic hepatitis, dur- 
ing which the ipecae treatment will avert the formation of an abscess of 
the liver? An examination of my records of the last seven vears has 
furnished the following data on this point: Out of 53 native patients 
admitted to the hospital with liver abscess, often bulging through the 
thoracic or abdominal wall, 51 per cent. gave a history of over two 
months’ illness, and 38 per cent. more between one and = two 
months; 9 per cent. from two weeks to a month, and only one case, or 2 
per cent., had been suffering for less than two weeks. Among 26 cases in 
Europeans there had been fever of hepatitis for over one month in 50 per 
cent., for from two weeks to a month in 34.6 per cent., and of less than 
two weeks in only 15.4 per cent, the times being 9, 9, 11 and 13 days, 
respectively, in these four cases. It is clear from these figures that in 
the vast majority of instances there is ample time for the diagnosis by 


blood examinations, etc., and for the ipecae treatment being carried out 
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during the presuppurative stage of acute amebic hepatitis. Very rarely 
multiple abscesses may develop within a few days with extreme acute- 
ness, but even here the only chance of saving the patient is in the imme- 
diate ipecac treatment. 

My experience of this treatment leads me to believe that it is not too 
much to say that over 90 per cent. of amebie abscesses of the liver can 
and ought to be prevented by the methods described in this and in pre- 
vious communications, and thus one of the greatest scourges of some 


tropical countries may be conquered by the prompt use of a simple me- 


dicinal treatment, based on the correct conception of the true pathology 


of the disease derived from prolonged combined MICrEscopic and clinieal 
observation. 
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SNAKE POISONING IN THE UNITED STATES: 
\ STUDY BASED ON AN ANALYSIS OF 740 CASES, 
PRENTISS WILLSON, M.D. 
WASHINGTON, D.C, 

General introduction 

Parr 1.—The poisonous snakes of the United States, 

Classification, number, distribution, habits and identification of 
the various species. 
\natomy and physiology of the poison apparatus, 

Parr 2.—Snakebite in the United States; frequency, pathology, 
symptoms, complications and sequela, duration, cause of death, 
diagnosis, prognosis and treatment. 

General summary and conelusion, 

Knowledge concerning snake poisoning in the United States is de- 
eidediy meager. The infrequency of the oceurrence and the mildness 
of the symptoms in so many of the cases, do not encompass the sub- 
ject with a degree of practical importance sufficient to stimulate much 
interest In it: hence the articles the text-hooks are incomplete, in 
some instances contain serious misstatements, and uniformly convey to 
the casual reader totally erroneous impressions. The obviously import- 
ant subject of the geographical distribution of the different venomous 
species) has been practically ignored. The mortality and prognosis 
have remained largely matters of conjecture. Small effort has been 
made to bring the recommendations for treatment up abreast of the 
recent advances in our knowledge of the toxic properties of venomes. 
For these reasons the present paper has been undertaken. [have aimed 
at making the consideration a practical one, but have not hesitated to 
draw fully on the voluminous literature of the experimental side of the 
subject. 

PART 1.—THE POISONOUS SNAKES OF THE UNITED STATES 

In the animal kingdom, one of the orders under the class Reptilia, 
is Ophidia, which includes all the true snakes. The Ophidia are divided 
into two sub-orders, Ophidia colubrida and Ophidia vip ride, or colu- 
brine and viperine snakes respectively. The colubrine snakes are largels 
absolutely harmless, although the venomous species belonging in this sub- 
order are among the most deadly known. Fortunately the list of colu- 
brine species in the United States includes only two which are suffici- 


ently venomous to be dangerous to man. These are the coral snakes 


whieh will be described in detail later. ‘The viperine snakes are divided 
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into two families, the Viperine, or true vipers, and the Crofa/ina, or pit- 
vipers, all the species in both families being venomous. The true vipers 
are confined entirely to the old world. The pit Vipers are more unl- 
versal in their distribution, but the greater number is found in the 
Western Hemisphere. With the exception of the two venomous colubrin 
species, the coral snakes, all the poisonous snakes found in the United 
States belong to this family. 


THE CROTALINE SNAKES OR PIT VIPERS. 

The pit vipers have been so named because of the presence ot a pit 
or fossa on the side of the face below and between the nostril and the 
eve. The various species found in the United States belonging to this 
family represent three genera, Crotalus, Sistrurus and Ancistrodon, Ot 
these the first two are all rattlesnakes: while the last is represented Hy 
but two species, the copperhead, Ancistrodon contortrir, and the water 
moceasin, neistrodon pascivorus, 

Thirteen species of rattlesnakes, and three or four varieties some- 
times placed as distinct species, are found within the limits of the 
United States. Formidable as this statement appears it is in reality 
far from being so, as will be seen when the distribution of these species 
is studied. These snakes, so named from the termination of the tail in 
the rattle, a structure too well known to require description, are placed 
in two genera, the distinction being made because of a different arrange- 
ment of the scales and plates covering the dorsal surface of the head 

Sistrurus.—In the genus Sisfrvrus the integument covering the 
head is arranged in a series of large plates, in a manner similar to that 
found in the harmless snakes and in all the venomous species save rattle- 
snakes of the genus Crotalus, The two distinet species included in the 
venus are the ground rattler, or pizm rattlesnake, Nistruarus miliarius 
and the massagua, Sisfrurus catenatus. The little ground rattler rarely 
exceeds eighteen inches in length. It is found only in the South, from 
North Carolina, along the Gulf into Texas, and for some distance up 
the southern tributaries of the Mississippi. The massagua is larger 
than the preceding species, adult specimens measuring between two and 
three feet. It ranges from well into Canada through western New 
York, Michigan, Ohio. Indiana, Wisconsin, Minnesota, Lowa. [linois. 
Nebraska and Kansas, being rare and in places exterminated in many 
parts of the range mentioned. In Texas and the Southwest it is replaced 
by a variet\ of the typical species, S. catenatus Bdwardsii. 


Crotalus.—The species of rattlesnakes belonging to the genus Cro- 


falus are eleven in number in the United States. All of these are char- 
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acterized by having the head covered dorsally with scales quite like those 
found on other portions of the body, the large plates being fewer in 
number and differing in arrangement from those in the genus Sistrurus. 
The distinction between these two genera of rattlesnakes has a practical 
interest for the physician, the two species belonging to Sistrurus being 
much less dangerous than those of Crotalus. Of the eleven species of 
the latter genus, only a few need be mentioned specifically. The dia- 
mond-back rattler, Crotalus adamanteus, the largest of our venomous 
species, attains a length of over eight feet. It is distributed through 
Georgia, Florida and the Gulf States to the Mississippi. In Texas it 
is replaced by a slightly smaller species, C. atror. In the North, this 
genus is represented by three species: In the East, extending from 
New England to Florida and westward to Texas, Iowa and Kansas is 
found the banded or timber rattlesnake, C. horridus. This specie aver- 


Fig. 1.—Underside of tail of water snake, natric (after Stejneger). 


ages from three to four feet in length for adult specimens, and rarely, 
if ever, exceeds six feet in length. In the states of the Middle West, 
from Canada to Texas, the prairie rattlesnake, C. confluentus, is found. 
Its average length is a little over three feet. West of the Rocky Moun- 
tains, from British Columbia to Southern California, the Pacific rattle- 
snake, C’. oregonus (C. lucifer), is the only rattlesnake found. The six 
species of the genus Crotalus which have not been specifically mentioned 
are confined to the territory extending from the Mississippi through 
Texas, Arizona, Nevada, New Mexico, Utah and Southern California. 
Of these several are very rare and extend only a slight distance north of 
the Mexican boundary. 

Ancistrodon.—The copperhead and the southern water moccasin are 


the only two species representing the genus Ancistrodon in the United 
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States. The copperhead, A. contortrir, is also known in different por- 
tions of its range as the red adder, chunkhead snake, pilot snake, upland 
moccasin, spreadhead snake, or moccasin. It is essentially an eastern 
species, extending as far west as Kansas, Oklahoma and Texas. Its 
northern limit is probably central Massachusetts, although it has been 
described from Vermont. In the South it is common, except in the 
peninsular portion of Florida, where it seems to be entirely absent. 
Michigan, Wisconsin, Nebraska and probably Iowa are free from this 
reptile. This is not a large species, adult specimens seldom, if ever, 
exceeding three feet in length, most specimens being considerally 
shorter. It frequents rocky hillsides bordering water courses, sometimes 
fields and woods, and is particularly likely to conceal itself under loose 
planking and rocks around barns and other out buildings. The general 
color is brown. Dorsally, the ground color is a bright hazel brown, 
which is very bright and distinct on the head. On either side of the 


body there are from fifteen to twenty-six dark chestnut colored irregu- 


Fig. 2.—Underside of tail of water moccasin (after Stejneger). 


larly triangular blotches, the base of the triangles resting on the ventral! 
scales, the avices being in the median line dorsally. Ventrally the 
general color is a dull yellow, irregularly marked with dark blotches. 
A snake frequently mistaken for the copperhead is the hog-nosed 
snake, Heterodon platyrhinus. This absolutely harmless species is men- 
tioned here because, as stated, it is so often confused with the copper- 
head, and because even when properly identified it is almost always 
stated to be venomous. The dread in which it is popularly held is 
shown by the common names given it, such as sand viper, spreading 
adder and blowing adder. This snake is readily distinguished from 
the copperhead by the absence of those features to be described later, 
which render the recognition of the venomous species so easy, and 
in addition, by its turned-up snout, different coloring, and: charac- 
teristic habits. Being fond of basking in open sandy spots, where 
rapid escape is impossible, the hog-nosed snake has evolved for its 


protection the ingenious habit of making itself look even more terrifving 
than the really dangerous species. In the presence of danger, it flattens 
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the head, expands the anterior portion of the body, and blowing and 
hissing strikes right and left at the object of its dread. If handled 
roughly it sometimes bites, but as | know from experience the wounds 
inflicted are merely a few tiny superficial abrasions with absolutely no 
after effect. 

The water moceasin, Ancistrodon piscivorus, sometimes called the 
cotton-mouth or branch moceasin, is a southern species. [t is fairly 
common in different localities in North Carolina and becomes more 
frequent in the states farther south, being most common in all the Gulf 
states as far as the Mexican boundary. It ascends the Mississippi into 
Missouri, southern Illinois, and western Kentucky, and is reported up 
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Fig, 3$.—Distribution of the Poisonous Snakes in the United States. 


the Ohio river as far as the Wabash. By way of the Arkansas river it 
invades the state of the same name, probably extending into Oklahoma. 
In eastern Texas it ascends the rivers as far as Dallas, and is very 
common in all that part of the state bordering on the Gulf. The water 
moccasin is semiaquatic in its habits and is seldom found far from water. 
li prefers to bask in the hot sun, stretched out on half submerged rocks 
and logs, and also climbs into the branches of the low bushes over- 
hanging water. The rice fields of Louisiana fulfill all the conditions 
required by this species, and in them it is very common and greatly 
feared by the negro laborers. This snake is larger in every way than 


the copperhead, and some specimens exceed four feet in length. Its 


Paci pel \ 
of Roe kies | 
fou Cor, Coral-snake, 
Five: i ake Ca 
The or Fou a 
| es. YN of 


PRENTISS WILLSON. 521 


veneral color is a very dark blackish brown, frequently so obscured by 
the dried mud clinging to it as to be scarcely recognizable. Its head 
is a dark purplish black in color and the body is marked on either side 
by from twenty to thirty narrow bars of the same color. Ventrally the 
animal is black, mottled with blotches of a dirty white. 

The evil reputation of this reptile has spread far beyond the area 
infested by it, and as a result all water snakes are held in ill repute. 
As a matter of fact the reverse is the case, the water moccasin being 
the only venomous species showing any fondness for the water, Several 
water snakes are confused with the dangerous species, as is shown by the 
popular names bestowed upon them, such as copper-bellied moceasin and 
banded water moccasin. These are all varieties of the harmless water 
snake, Tropidonotus fasciatus, A large southern species, occurring 

4 
a dangerous looking reptile it is perfectly innocuous. All these harmless 


coincident! with A. pise is Tropidonotus tortpilotus ; although 


species may be differentiated from the true water moccasin, by the 
difference in color and the absence of the characteristic features of the 
pit vipers to be detailed later. In addition it may be stated that 7. 
fasciatus and its varieties are distributed over a wide area in which the 


Venomous species is never found. 


VENOMOUS COLUBRINE SPECIES. 


Of all the colubrine snakes in the United States, the two species 
sufficiently venomous to be dangerous to man are the coral snake or 
harlequin snake, E/aps fulvius, and the Sonoran coral snake, E/aps 
curnranths s. These two species are so ¢ losely related and so similar im 
every wavy as to make their distinetion of no practical importance to 
the physician. Both are confined in their distribution to the southern 
states. The range of Elaps fulrius is similar to that given for the 
Water moccasin. It is found from North Carolina throughout the Gult 
states to western Texas and ascends the Mississippi as far as southern 
Ohio. Hlaps curyranthus is a western species the range of which has not 
vet been definitely settled. It is known to be confined to the states of 
the Southwest and seems to be most numerous in Arizona. These two 
very interesting and very dangerous reptiles are fortunately rarely en- 
countered by man. They are retiring in disposition, and spend most 
of their time burrowing under ground or hidden under the bark of old 
logs or in the dead leaves. The handy is slender, rarely over three feet 
in length, and the head is small and only slightly differentiated from 


the neck. The color pattern is a most striking one, consisting of alter- 


nate broad rings of red and bla k. completely encircling the hody, and 
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separated by narrow rings of vellow. On the tail the red rings dis- 
appear, the color being alternately black and vellow. 

The general appearance of the coral snakes is more or less closely 
simulated by several harmless species, particularly by the different 
varieties of the milk snake, Ophibolus doliatus. The distinction may 
be made by remembering the distribution and habits of the coral 
snakes, and also that in them the colored rings extend across the ventral 
surface of the body, while in the harmless species the abdomen is white 
or blotched, and shows no trace of the rings. In the venomous species 
the black rings are bordered with yellow, the reverse being true in non- 
venomous snakes. 

An interesting group of. colubrine snakes, the Opistoglyphs, is of 
much more importance to the herpetologist than to the physician. They 
are mentioned here for the sake of completenesa, and because they con- 
tribute toward swelling the total number of venomous species, stated by 
text-hooks to be found in the United States. The Opistoglyphs are 
characterized by the possession in the posterior portion of the upper 
jaw of a series of grooved fangs, intended for the injection of venom. 
These structures place them undeniably among the poisonous colubrines, 
hut the position of the fangs in the back of the mouth, and the small 
size of the species found in the United States renders it very doubtful 
if the bite of these reptiles would be more than the most trivial affair. 
So far as as I know, not a single case of bite by any of these species 
has been reported. Brief notes on the species found in the United States 
are appended: The Jews-harp snake, Trimorphodon lyrophanes, and 
the annulated snake, Sihbon seplentrionalis, reach a length of from two 
to three feet. Both are confined to the states of the extreme southwest 
and are the only species which may be considered as possibly capable of 
inflicting poisoned wounds in man. The black banded snake, Erythro- 
lamprus imperialis, found in southern Texas, attains a length of about 
one foot. Four species of Tantilla, one in the southeast and three in 
the southwest are absolutely innocuous for man, being hardly larger than 
large earth worms. 

THE IDENTIFICATION OF THE POISONOUS SNAKES. 

An ability to differentiate correctly between the harmless and 
venomous snakes may frequently be of the greatest importance. In the 
preceding descriptions of the various venomous species, mention has 
been made of the harmless snakes most likely to be confused with them. 
Here it is intended to point out those general features possessed by all 


the poisonous snakes, which fortunately are sufficiently characteristic 


Fig. 4.—Lateral view of Skull of Crotalus horridus (from a photograph). 
1. Active fangs. 2. Reserve fangs. 3. Upper maxillary. 4. Fossa for lodgment 
of the pit. 5, Lachrymal. 6. Frontal. 7. External pterygoid. 8. Quadrate. 9. 
Internal pterygoid. 10. Lower jaw. 
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to make their identification comparatively easy. The great structural 
differences between the viperine and colubrine species, make it necessary 
to consider the two separately. 

All the pit vipers, rattlesnakes, copperhead, and water moccasin, 
correspond very closely with the popular ideas concerning the general 
appearance of the poisonous snakes. The head is broad and triangular 
and sharply differentiated from the neck. The body is thick and heavy 
in comparison with its length, and the tail short and blunt. The general 
sinister appearance of these reptiles is of little or no practical signifi- 
cance, however, since it is very closely simulated by many of the abso- 
lutely harmless species. The three features characteristic of all the 
pit vipers and of no other American species, the detection of any one of 
which establishes beyond all doubt the venomous nature of any given 
snake, are first, the presence in the anterior portion of the upper jaw of 
two hollow erectile fangs; second, the pit: and third, the presence on 
the ventral surface of the tail of scales undivided in the median line. 

The fangs, as a very essential part of the poison apparatus, will 
receive detailed consideration later. It should be mentioned here, how- 
ever, that in dead specimens they will be found folded against the root of 
the mouth, very much as the blade of a pocket knife folds against the 
handle, and in this position are so covered by folds of the mucous mem- 
brane as readily to escape detection. By scraping the upper jaw from 
behind forward with some sharp object they may be brought into view. 
In addition to the fangs there is on either side of the upper jaw a single 
row of fine retrocurved teeth, while in the harmless species there is a 
double row on either side, the fangs being, of course, absent. 

The pit, the structure from which the whole family receives its 
name; is a deep depression, lined by an epithelial membrane, which is 
lodged in a fossa on the outer aspect of the superior maxillary. It is 
seen in Figures 5, 17, and the fossa in the maxillary bone in Figure 4, 4. 
The rich supply of nerve fibers to the epithelial lining of the pit, renders 
it probable that the function of this peculiar structure is to act as an 
accessory sense organ. Although its exact function in the snake's 
economy is unknown, there can be no doubt that it serves as a most 
useful and unfailing means of recognizing the members of this danger- 
ous family, and its absence in any specimen under examination, obtained 
in the United States, establishes its harmless nature, with the single 
exception of the coral snakes. 

In Figures 1 and 2 is well illustrated a striking difference between 
the pit vipers and all the colubrine snakes, both harmless and venomous. 


In all snakes the ventral surface of the body as far back as the vent is 
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covered by overlapping scales, extending undividedly from one side of 
the body to the other. In the pit vipers many of these scales on the 
ventral surface of the tail, from the vent to the tip, retain this arrange- 
ment, extending unbrokenly across the bedy, while in the harmless 
species and also in the coral snakes, from the vent to the tip of the tail 
all the seales are divided in the median line. It is obvious, however, 
that it is not necessary to examine for this important point if the species 
of pit viper happens to be a rattlesnake. Here the presence of the rattle 
settles the venomous nature of the reptile at once. 

In addition to the three important differential points which have 
been given consideration it may be mentioned that the pit vipers are 
ovo-viviparous, retaining the egg until the escape of the embryo. Some 
harmless species reproduce in the same way. The number of young pro- 
duced by the pit vipers at one birth is comparatively small, many wild 
stories to the contrary notwithstanding. In the crotaline snakes, also, 
the pupil of the eve is vertical and cat-like, instead of round as in the 
colubrines. (Fig. 6, 19). 

In identifying the coral snakes, the main dependence must be placed 
on the presence of the fangs, and on their peculiar and gaudy coloring, 
which has been described. In these reptiles the absence of the pit and 
the presence of divided scales on the ventral surface of the tail makes 
their positive recognition more difficult. The fangs of the coral snakes, 
as in the pit vipers, are situated in the anterior portion of the upper 
jaw, but differ from them in their comparatively and absolutely smaller 
size, and in being permanently erect. These differences will be explained 
more in detail later on. On either side of the upper jaw these snakes 
have but one row of teeth, the harmless species, as has been stated, having 


two, 


GENERAL DISTRIBUTION OF VENOMOUS SNAKES IN THE UNITED STATES. 

In Figure 3, the attempt has been made to indicate the number of 
venomous species in different portions of the country, rather than the 
exact limits of the range of the various species, which point has been 
given consideration above. It will be seen that in the greater portion 
of the North, one, and at most two species of rattlesnakes are all that 
are found in one locality, and that the only other venomous species pres- 
ent here is the copperhead, confined entirely to the East. In the South, the 
eastern states and Texas harbor three or four species of rattlesnakes, also 


the copperhead, water moccasin and coral snake; the western states hav- 


ing only the Sonoran coral snake in addition to several species of rattlers. 
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The reader is now in a position to pass judgment on the statement 
found in several text-books, that twenty-seven species of poisonous snakes 
are found in the United States. This figure, probably arrived at by 
counting up the number of species described by Stejneger,' includes seven 
species of opistoglyphs of no importance to the physician, and three 
species of rattlesnakes considered by many to be mere varieties. Elimi- 
nating these, the number remains at seventeen. To so state without 
proper qualifications, however, is to give impressions only a little less 
erroneous than those given by the larger number. Stejneger’s work was 
written from the view point of the scientifie herpetologist. From the 


point of view of the physician, it may be stated that the venomous snakes 


of the United States are the rattlesnakes, several species being described, 
the copperhead, the water moccasin and the coral snake. 


\NATOMY AND PHYSIOLOGY OF THE POISON APPARATUS. 

While an exhaustive account of the anatomy and physiology of the 
mechanism by means of which the poisonous snakes elaborate and inject 
their venom would obviously be out of place in this paper, a certain 
amount of knowledge on this subject is necessary to a comprehension 
of many points of practical importance in the consideration of snake 
poisoning. Such readers as may have a special interest in the subject 
are referred to Mitchell's? original account, or that given by Stejneger.' 
The poison apparatus will first be described as it exists in the pit vipers 
and then the differences existing in these structures in the coral snakes 
will be pointed out. 

In Figure 4, a lateral view of a skull of Crotalus horridus is pre- 
sented. It will be seen that the upper maxillary bone is greatly short- 
ened from before backward. Externally it presents the fossa for the 
lodgment of the epithelial pit, and posteriorly articulates with the 
elongated external pterygoid. Above it articulates by means of a gin- 
glymus joint with the lachrymal bone, which in turn articulates with the 
frontal. Below it bears the single perforated poison fang, firmly fixed 
in its socket and not in itself movable, as is often stated. Behind the 
active fangs are seen the reserve fangs, ready to be pushed forward to 
replace the active fang in case of its loss by accident or shedding. In 
the recent state these reserve fangs are completely hidden and sur- 
rounded by the mucous membrane. The fang itself is a hollow, curved 
tooth, the convexity of the curve being directed forward, containing two 


1. Stejneger, L.: The Poisonous Snakes of the United States, tep. U.S. Nat. 
Mus., 1893, Washington, 1895, pp, 337-487. 

2. Mitchell, S. W.: Researches on the Venom of the Rattlesnake, Smith- 
sonian Contrib. to Knowl., 1860, xii, 
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canals, an anterior and a posterior; of these the former is the canal for 
the venom, the latter the dental canal. The canal for the poison runs 
along the anterior convex border of the fang, from an upper aperture 
near the base of the tooth anteriorly, to the lower slit-like opening on the 
convex border near the point. The poison canal is lined by the same 
enamel as that covering the surface of the fang, showing the method of 
its formation, namely, an infolding of the anterior surface of the tooth. 
As has been stated, the normal position of the fang in the quiescent 
condition of the snake is folded back against the roof of the mouth, as 
is shown in Figures 5 and 6. In this position absolutely useless as a 
weapon, the fang is brought into a position of erection suitable for its 
use, by muscular action on the bony mechanism described. The muscle 
concerned is the sphenopterygoid, unfortunately not shown in any of the 
illustrations, which takes its origin from the median basal ridge of the 
skull, anteriorly, and passes backward and outward to be inserted into 
the inner aspect of the quadrate bone, seen at Figure 4, 8. Tt will readily 
be seen that the result of the contraction of this muscle will be to draw 
the quadrate forward, which motion will be imparted to the external 
pterygoid causing it in turn to act on the superior maxillary. As a 
result of the force so applied, and in virtue of its articulation with the 
lachrymal, the superior maxillary rotates downward and forward caus- 
ing the fang to sweep through the segment of a circle until it comes 
into a position almost at right angles to the line of the upper jaw and 
most favorable for its use as a weapon of defense. In Figure 4 the 
fangs are shown in a position of almost complete erection. 

The poison gland is an almond-shaped body lying below and behind 
the eye, extending backward to, a point about on a line with the com- 
missure of the lips. Its size varies with the size of the snake; a gland 
from a rattlesnake four feet long measuring eight-tenths of an inch in 
length (Mitchell). The gland is held in position Dy prolongations of its 
outer facial covering, the most important being the internal or suspen- 
sory ligament and the posterior ligament, running backward to the artic- 
ulation of the lower jaw. Running through the center of the gland is 
a single slightly dilated duet, which receives the contents of the smaller 
ducts from the seereting acini. In this central duct and its prolongation 
from the gland to the base of the fang the venom is stored ready for use. 
The course of the duet is forward from the gland to the maxillary bone 
around which it winds to terminate in a manner to be described close 
to the upper aperture of the poison canal in the fang. Immediately 


under the eve, it presents a sharp curve and at the same point a notice- 


able enlargement due to the presence there of a band of muscular tissue 
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Fig. 5.—Superficial dissection of the poison apparatus of Crotalus adam- 
anteus (from a photograph). 1. Poison gland. 2. Poison duct. 3. Fang. 4. 
Inner fang sheath. 5. Cut edges of outer fang sheath. 6. Posterior ligament of 
gland. 7. Anterior temporal muscle. 8. Middle temporal, . Posterior temporal, 
10. Facial insertion of fibers of the middle temporal, 11. Mandibular portions of 
the anterior and posterior temporals, 12. Digastric. 13. Cervico-angular, 14. 
Cervico-mandibular. 15, Costo-mandibular, 16. External pterygoid. 17. Pit. 


Fig. 6.—Deeper dissection of the poison apparatus of Crotalus adamanteus 
(from a photograph). 1. Poison gland. 2. Duct. 3. Fang. 4. Sheath of oppo- 
site fang. 5. Internal or suspensory ligament of gland. 6. Posterior ligament of 
gland. 7. Cut edges of anterior temporal muscle, showing the sharp down 
curving around the posterior border of the gland. 8. Middle temporal. 9. Pos- 
terior temporal. 10. Digastrie, 11. Cervico-angular. Cervico-mandibular. 
13. Costo-mandibular. 14. External pterygoid. 15. Mandibular portion of an- 
terior and posterior temporals. 17. Lower jaw. 18. Pit. 19. Vertical pupil. 
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constituting a true sphincter, first described by Mitchell.2 The capacity 
of the duct from its cecal extremity in the gland to the sphincter varies, 
of course, with the size of the snake. Usually its capacity is but a few 
drops, and only in very large specimens does it exceed fifteen or twenty 
drops. 

The relation of the poison gland to the two muscles now to be 
described is of the utmost importance, The anterior temporal muscle 
in the pit vipers has completely lost its attachment to the temporal fossa 
and takes origin entirely from the fascia covering the gland on its upper 
surface. From this origin the muscular fibers pass at first backward 
and then downward around the posterior border of the gland, passing 
between the suspensory and posterior ligaments of the same, and con- 
tinuing downward find their attachment on the lower jaw. It will be 
readily seen that the contraction of this muscle will, in addition to clos- 
ing the lower jaw, forcibly compress the upper and posterior portions of 
the gland. The external pterygoid muscle takes its origin from the 
posterior aspect of the articulation of the lower jaw. From this point 
it passes downward for a short distance and then turning sharply for- 
ward passes under the articulation internal to the ramus of the jaw 
and external to the quadrate bone and runs forward to a point directly 
under the poison gland, with which it is in the closest relation. The 
fibers of this muscle have the following three insertions: a portion, 
becoming aponeurotic, spreads out on and blends with the facial cover- 
ing of the gland below and anteriorly. Another portion, becoming 
tendinous, is inserted into a tubercle on the posterior aspect of the 
upper maxillary bone just below its articulation with the external 
pterygoid. The third portion is lost in the sheath of mucous membrane 
investing the fang. When contracting, then, this muscle depresses the 
fangs by drawing the superior maxillary bone directly backward, thus 
proving itself the direct antagonist of the sphenopterygoid, which, as 
has been stated, causes its erection; presses on the lower and anterior 
portions of the poison gland; and finally, has an action on the sheath 
of the fang, vet to be described. It will thus be seen that the anterior 
temporal and external pterygoid muscles acting together subject the 
whole of the poison gland to a very considerable degree of pressure, cal- 
culated, if associated with the relaxation of the sphineter of the duet, 
to completely milk the gland and duct of their contents. 

There now remains to be deseribed the arrangement by means of 
which the venom expelled from the duct finds its way into the poison 
canal of the fang. As the fang lies in its quiescent condition against 


the roof of the mouth it is completely hidden from view by a tubular 
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sheath of mucous membrane. In Figure 5, this sheath is seen split 
open, its cut edges showing at 5 and the fang at 5. Toward the base of 
the fang this sheath seems to present an inner gum-like process, seen at 
4, of firmer consistency than the rest of the sheath, closely clasping the 
fang just below the upper aperture of the poison canal. Into the cup- 
like cavity formed by the inner sheath, or gum, the opening of the duct 
from the gland is found. It will be seen, therefore, that there is no 
direct communication between the duct and the poison canal, the venom 
escaping from the former into the cavity of the gum-like structure 
around the base of the fang, and from thence taking the course along 
the path of least resistance through the only opening presenting itself, 
the upper aperture of the poison canal. When the fang is erected its 
membranous sheath becomes crowded back around the base, probably 
aiding by its pressure, in more closely approximating its inner portion 
to the base of the fang. Judging from the considerable number of 
muscular fibers passing into this sheath from the external pterygoid 
muscle, as has been described, there is reason to think that this approxi- 
mation is decidedly an active, as well as a passive process. 

In making use of the diabolically ingenious mechanism which has 
been described, the pit vipers have first to imbed the fangs in their victims 
and then to eject their supply of venom. In accomplishing the first of 
these objects, the reptile prefers to strike from a coil, although eapable of 
inflicting its dangerous wounds from a great variety of positions. When 
angered or alarmed, the body is rapidly thrown into a series of cireular 
coils, with the neck and upper portion of the body held loosely across 
the coiled mass in a succession of S-shaped curves. In the rattlesnakes 
the tail is held vertically, vibrating with wonderful rapidity, causing 
the well-known sound of the rattle. In launching itself forward to the 
attack the snake simply atraightens out the S-shaped curves by contract- 
ing the muscles on their convexities. By this simple maneuver the head 
is shot forward with a speed which the eve can not follow. At the same 
time that the head is thrown forward, it is bent backward, the jaws 
opened to a surprising degree, and the fangs erected. The whole action 
is entirely comparable to a swift forward thrust with a double pointed 
dagger. Having thus imbedded its fangs the animal now proceeds with 
the injection of the venom; the various muscular acts described in this 
connection of course oceur synchronously. With the fangs still imbedded 
in the tissues, they are drawn back and depressed, in order to deepen 
the wound, the lower jaw is forcibly closed on the part in a vicious bite, 
and the sphineter guarding the duct is relaxed. In performing these 


movements the anterior temporal and external pterygoid muscles are 
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brought into play, their contraction automatically compresses the whole 
of the gland and causes an ejection of venom from each fang into the 
tissues in which they are imbedded. Having accomplished its purpose the 
reptile disentangles itself from the wound and rapidly renews its coiled 
attitude prepared for further hostilities. 

The essentials of the poison apparatus in the coral snakes are very 
similar to those in the pit vipers. On either side of the head there is a 
gland for the secretion of venom, connecting by means of a duct with a 
perforated fang, situated in the anterior® portion of the upper jaw. The 
fangs, however, are not depressible at the will of the snake, but maintain 
a permanently erect position, comparable to the canine teeth of the 
carnivora. They are both absolutely and relatively smaller than the 
fangs of the pit vipers of similar size. The mouth in these snakes is 
very small. For these reasons it is practically impossible for the coral! 
snakes to inflict a wound except on the bare skin, and under exception- 
ally favorable conditions. In most of the few reported cases of bites 
of these species, the reptile has bitten while being carelessly handled. 
The action is a bite, pure and simple, the fangs being introduced with a 
chewing motion, and there is none of the striking seen in the pit vipers. 


PART 2.—SNAKE-POISONING IN THE UNITED STATES. 

The series of cases on which, in as large a measure as possible, this 
study is based, numbers 740 cases, of which 440 have been collected from 
the literature, and the remainder from various private sources. In both 
classes of cases, however, the clinical records have been so deficient, so 
lacking in the most essential details, that it has been found necessary 
to draw largely on the reports of the different investigators now working 
on venom intoxication along experimental lines. The section dealing 
with the toxicology of venom is intended only as a brief review of those 
phases of the present knowledge of this most interesting subject which 
have a direct and practical bearing on the matter under discussion. In 
regard to the frequency of occurrence of various symptoms and compli- 
cations it has been considered inadvisable, and indeed impossible in 
most instances, to give exact figures, the number of full case reports 
heing entirely too small to render such an attempt satisfactory. The 
figures given in the sections on mortality and prognosis, however, are 
based on a much larger number of cases than has before been available, 
and for reasons there presented are thought to be of considerable ac- 
curacy. 


3. Noguchi’s statement that the fangs in these species are situated in the 
posterior portion of the jaw, Osler’s Modern Medicine, vol. i, page 248, is an 
error, See Stejneger, loe cit, page 350. 
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FREQUENCY. 

The frequency of snake bite in the United States is largely problem- 
atical. In the older and more thickly settled portions of the country it 
is a rare occurrence. During the summer of 1907, however, two cases, 
due to the copperhead, occurred in the immediate vicinity of Washing- 
ton, D. C. There can be no doubt that the poisonous snakes, especially 
the rattlesnakes, are being slowly but surely exterminated and as a 
result their bites are becoming more and more infrequent. Even in the 
South and Southwest, where the venomous species are most common, 
bites seem to be matters of rather rare occurrence. Many physicians 
practicing in these localities see but one or two cases in years of prac- 
tice. Many cases, however, especially those due to the smaller rattlers 
and the copperhead, are never seen by physicians, the laity being well 
aware of the uniformly good prognosis of such cases. It is interesting 
to note that not a single case of snake bite is reported in the Medical 
and Surgical History of the War of the Rebellion, and that the condition 
does not seem to figure at all in the vital statistics of any of the states*. 
Everything considered my opinion would be that the total number of 
cases occurring annually is probably less than five hundred, possibly 
considerably less. 

In regard to the relative frequency of bites by the different species 
more definite statements can be made. In 566 cases in the series in 
which the species of snake causing the injury was known, there were 
408 cases of rattlesnake bite, 97 cases of copperhead bite, 53 cases of 
water moccasin bite and 8 cases of coral snake bite, representing 
respectively 72 per cent., 17.1 per cent., 9.3 per cent. and 1.4 per cent. 
of the series. The predominance of rattlesnake cases is only natural 
when the number of species and wide distribution of these snakes is 
considered. On the other hand, the figure of 17.1 per cent. for copper- 
head cases is probably too low. This snake is widely distributed in the 
eastern portion of the country and in many localities is the only venom- 
ous snake found. Its bite, however, is usually not a serious affair, and 
comparatively few cases receive medical attention. The habits of the 
water moccasin and its limited distribution accounts for the infrequency 
of bites by this species. As might be expected from the retiring habits 
of the coral snakes and the very small size of the mouth, bites by these 
snakes can only occur under most exceptional circumstances, as when 
the reptile is being carelessly handled, and the rate of 1.4 per cent. is 
entirely too high. 


4. With the exception of Florida: the vital statistics for the years 1892 to 
1800 give snake bite as the cause of death in thirteen cases, 
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PHYSICAL, CHEMICAL AND TOXIC PROPERTIES OF VENOM. 

Venom is a viscid, greenish or yellowish fluid, usually clear, of acid 
reaction, and with a specific gravity ranging between 1035 and 1065. 
When dried it assumes the scaly, cracked appearance of dried egg al- 
bumen, and in this form retains its toxie properties almost indefinitely. 
In the process of drying there is a loss of from 25 per cent. to 50 per 
cent. in weight. Chemically, our knowledge of venom is far from per- 
fect, and the exact classification of the various proteid constituents is 
still largely undecided. For the present purpose, however, any exhaus- 
tive discussion of this phase of the subject is unnecessary. It need 
only be said that, as first pointed out by two Americans, Mitchell and 
Reichert.* venom is a toxin of wonderfully complex activity, a complexity 
depending on the presence of a varying number of different toxic prin- 
ciples. Since the epoch-making experiments of these authors, serpent 
venoms have been investigated in laboratories all over the world, and 
the literature of the subject has reached voluminous proportions. The 
result of all this study has been to show conclusively that in venom we 
have one of the most complex poisons known. Those particularly inter- 
ested are referred to the recent summaries of the subject, in French, by 
Calmette,® and in English by Martin and Lamb.? According to the 
latter of these authorities the following toxic principles have been found 
in the different venoms studied : 

1. A powerful fibrin ferment. 

2. An anti-fibrin ferment. 

3. A proteolytic ferment. 

4. Various cytolysins, capable of acting on red blood cells, leu- 
cocytes, endothelial cells of blood vessels, nerve cells and the cells of 
various other tissues. 

D. Agglutinins for red blood cells, ete. 

6. An antibactericidal body of the nature of anticomplement. 

7. A neurotoxin or neurotoxins with affinities for all nerve cells, 
and especially the cells of the respiratory center in the bulb. 

8. A neurotoxin, with an affinity for nerve endings in muscles and 
for those in the diaphragm in particular. 

9 A substance which causes greatly increased tone in cardiac 


5. Mitchell and Reichert: Researches on the Venoms of Poisonous Serpents, 
Smithson, Contrib. to Knowl., 1886, xxvi, 

6. Calmette, A.: Les venins et les animaux venimeux, Paris, Masson et Cie, 
1907. 

7. Martin and Lamb: Snake-poison and Snake-bite, in Allbutt’s System of 
Medicine, 1907, vol. ii, part ii, 783-821. 
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muscle, and if in sufficient concentration, systolic standstill of the 
isolated heart. 

Venoms obtained from different species vary in the relative pro- 
portion in which these various toxic elements are present and apparently, 
also, in their absolute toxicity, and on these factors depend the varia- 
tions seen in the syndrome of poisoning by the different species. In a 
general way, venoms group themselves in two classes, the venoms in 
either class being characterized by a more or less similarity in their 
physiological action, corresponding, respectively, to their origin from 
the two great divisions of the venomous snakes, the Colubrid@ and the 
Viperide. 

The geographical limitation of the subject renders it unnecessary to 
devote much space to a detailed consideration of the colubrine venoms. 
As has been stated, the only venomous colubrine species of practical 
importance in the United States are the coral snakes. Fortunately, 
hites from these reptiles are excessively rare, but the symptoms noted 
in the few reported cases show conclusively that their venom is similar 
in its action to the general action of other colubrine venoms, and accord- 
ingly dangerous. ‘These venoms are characterized by the severity of 
their attack on the central nervous system, by their peculiar selective 
action on the respiratory center, and by the comparatively mild 
local manifestations at the site of their innoculation. In some venoms 
of this class a curare-like action on motor nerve endings, particularly 
those of the phrenics in the diaphragm, has been observed. [ know of 
no experimental investigation of the venoms of the coral snakes except 
a few isolated experiments reported by Mitchell and Reichert. On the 
other hand a knowledge of the action of the viperine venoms is of the 
greatest importance to the American physician, since at least 99 per 
cent. of snake bites in the United States are caused by the pit vipers. 
A careful study of the venoms of the rattlesnakes, copperhead and water 
moccasin is therefore necessary. Practically all the work done on rattle- 
snake venom has been with venom obtained from C. 
horridus. These two species are in a large measure typical of the other 
and smaller species of the same genus, and of the species of the genus 


adamanteus and C. 


Sistrurus. It has been demonstrated clinically, as will be shown later, 
that the bites of the smaller rattlesnakes are less dangerous than bites 
of the large species mentioned, but this is probably due to a decreased 
dosage, rather than to material differences in the toxie composition of 
the venoms. In general, the action of all viperine venoms as compared 


with colubrine venoms is characterized by the severity of the local 


symptoms at the site of innoculation, by a much less vigorous attack on 
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the central nervous system, and a greatly diminished tendency toward 
a selective action on the respiratory center. Many venoms of the true 
vipers, and practically all pit viper venoms, also show a pronounced 
tendency toward the production of hemorrhages in various parts of 
the body. 

The comparative toxicity of water moccasin, copperhead and rattle- 
snake venom for guinea-pigs has been found by Flexner and Noguchi* to 
he in the order named. Thus taking 0.1 mg. of cobra venom as the 
amount necessary to cause the death of a pig weighing 300 gms. in 
less than four hours, these authors found that it would require twice 
as much water moccasin venom, six times as much copperhead venom, 
and ten times as much rattlesnake venom, to cause the same results 
under similar conditions. Although it has been shown that the toxicity 
of different venoms varies for different species of animals, it seems 
reasonable to suppose that if the minimum lethal dose of water moccasin 
venom for guinea-pigs is one-fifth that of rattlesnake venom, the former 
must be more toxic for man than the latter. It must be emphasized in 
this connection, however, that the relative degree of toxicity of these 
venoms, even if it could be proven to hold true for man, is an entirely 
different matter from the relative degree of danger attending bites in- 
flicted by these snakes. In determining the latter point, as will be 
shown later, the relative toxicity of the venoms is only one of several! 
points which must be given careful consideration. 

The greater toxicity of the Anctstrodon venoms is due to the pres- 
ence in them of greater amounts of the neurotoxic principle, as first 
pointed out by Mitchell and Reichert® and confirmed by Flexner and 
Noguchi.s These experimental findings receive some confirmation from 
clinical observations to be given later, and in beginning the consideration 
of the neurotoxic action of the pit viper venoms it must be stated that 
the moccasin and copperhead venoms in their action approach more 
nearly the type of colubrine poisoning than does rattlesnake venom. 
The latter, however, does contain neurotoxin, as has been conclusively 
shown by Flexner and Noguchi,* who so treated rattlesnake venom as to 
destroy all its toxic properties save those for the nervous system, and 
then found that they were able to cause the death of experimental 
animals by injecting the altered venom in doses of from ten to twenty 
times the minimum lethal dose of the unaltered venom. In these cases 
the symptoms observed were entirely like those following the injection 
of typical colubrine venoms. These experiments would seem to show 


8. Flexner and Noguchi: Univ, Penn. Med, Bull. 1901-02, xiv, 438, and 
1903-04, xvi, 163, 
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conclusively that the neurotoxins play a comparatively unimportant 
part in causing death in cases of rattlesnake poisoning, provided, of 
course, that we consider the relative toxic powers of the neurotoxins of 
rattlesnake venom to be approximately the same for man and the 
animals used experimentally, rabbits and guinea-pigs. For in order 
to cause death by the neurotoxic action of this unaltered venom it 
would have to be injected in doses which would be overwhelmingly 
poisonous from the large amount of various other toxic principles 
present. There can be little doubt, however, that the depression of the 
functions of the cord following the injection of pit viper venoms, plays 
a not unimportant part in causing the general collapse characterizing 
these intoxications. This depressive action seems to have a tendency 
to affect the sensory side before the motor, and may be marked by com- 
plete loss of function resulting in more or less anesthesia and loss of 
motion. The respiratory center shares in the general depression, but is 
not selectively attacked by rattlesnake and only to a slight degree by 
moccasin and copperhead venoms. Any selective activity of the neuro- 
toxins of these venoms seems to be directed against the vasomotor center. 

On the cireulation all the pit viper venoms have a most decided 
action, causing a profound fall in blood pressure which is often, un- 
doubtedly, the cause of death. This action, clearly demonstrated by 
the experiments of Mitchell and Reichert® for both Crotalus and Ancis- 
trodon venoms, has been recently studied by Rogers® with the venoms of 
the rattlesnake and several old world vipers. The findings of this 
author I considered of the greatest importance. He observed, following 
injections of rattlesnake venom, a decided fall in blood pressure, asso- 
ciated with dilation and congestion of the entire portal system and 
resulting in a complete failure of the circulation. To this condition of 
the circulation he attributed the failure of respiration, considering this 
to be a purely secondary phenomenon in cases of viperine poisoning. 
The circulatory failure is attributed to the depression of the vasomotor 
center in the medulla, a conclusion entertained many years previously 
by Mitchell and Reichert.’ The therapeutic procedures recommended 
by Rogers in view of his experimental findings, will be considered later. 
It will thus be seen that one of the most important actions of the pit 
viper venoms is to profoundly lower blood pressure, in fatal cases to 
such a point that respiration fails because of lack of circulation in the 


already impaired respiratory center. 


9. Rogers, L.: The Physiological Action and Antidotes of Colubrine and 
Viperine Snake Venoms, Phil, Tr. Royal Soe., London, 1901-1905, exevii, B., 123. 
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On the blood the venoms under consideration have several actions 
of the greatest importance; in producing or inhibiting coagulation, in 
causing hemolysis and agglutination, and in diminishing or destroy- 
ing the bactericidal power of the blood serum. 

The effect on coagulation is seen in both a positive and negative 
phase. Noguchi’® is authority for the statement that the venom of C. 
adamanteus has the power to cause an immediate intravascular throm- 
bosis, resulting in the speedy death of the subject. This intravascular 
thrombosis is rarely if ever the cause of death in actual cases of snake 
poisoning by American species, for in order to have this effect the venom 
would have to be received in large quantity immediately into the cir- 
culation, a combination of circumstances so excessively rare, as to be 
negligible. On the other hand, the negative phase, in which the clotting 
power of the blood is destroyed or seriously interfered with for a con- 
siderable length of time, is frequently observed clinically. It is doubtful, 
however, if this condition of the blood is of grave import, save in that 
it must predispose to the occurrence of hemorrhage. 

The hemolytic and agglutinative properties of pit viper venoms are 
of greater theoretical than practical importance, and probably play a 
negligible part in actual cases of venom intoxication. Cytolysins and 
agglutinins for both red cells and leucocytes have been shown to be 
present in these venoms by Flexner and Noguchi.’ Clinically the hemo- 
lytic action is shown by the frequent occurrence of hemoglobinuria. 
The relative power of these venoms to cause such blood changes is 
of interest as showing the difference in their toxic composition. Thus 
in causing hemolysis moccasin venom is fifty and copperhead venom 
twenty-five times as potent as rattlesnake venom, while in causing agglu- 
tination both moccasin and copperhead venom are twenty times as potent. 

The great clinical importance of the changes induced in the bacter- 
icidal power of the blood serum by venom intoxication has not been suf- 
ficiently emphasized in the literature. Welch and Ewing'™ showed that 
in poisoned rabbits the blood serum had lost practically all its bacteri- 
cidal properties, and to this condition they attributed the great rapidity 
of postmortem putrefaction. Flexner and Noguchi confirmed these find- 
ings with venoms of the rattlesnake, moccasin and copperhead. The 
relative potency of the venoms named in causing these changes does not 


seem to have been determined. 


10. Noguchi, H.: Snake Venoms, in Osler’s Modern Medicine, i, 247-265, 
11. Welch and Ewing: The Action of Rattlesnake Venom on the Bactericidal 
Power of the Blood Serum, Med. Ree., 1894, xlv, 663; also Lancet, 1894, i, 1236. 
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Among the cytolysins for the various parenchymatous cells, demon- 
strated to be present in all venoms, the most important in the pit viper 
venoms is undoubtedly the principle responsible for the multiple hemor- 
rhages, the hemorrhagin of Flexner and Noguchi. These investigators 
have carefully studied the properties and mode of action of this sub- 
stance. They say: “We look on hemorrhagin, therefore, in the light of 
a evtolysin for endothelial cells of blood vessels, the destruction of which 
is the direct cause of the escape of blood into the surrounding tissues.” 
The actual giving way of the vessel wall and the escape of the blood has 
heen observed under the microscope by many investigators. The most 
characteristic feature of crotaline poisoning, the decided tendency toward 
hemorrhage, is thus accounted for. The relative potency of different 
venoms in causing hemorrhages, which may depend on variations in the 
amount or quality of the hemorrhagin present, has been found by Flexner 
and Noguchi® to be as follows: If the cobra venom be taken as unity, 
then copperhead and moccasin venom are ten and rattlesnake venom 
one hundred times as potent. These figures show conclusively that the 
power to cause multiple hemorrhages is a common and decided char- 
acteristic of the pit viper venoms, since they are, in this respect, so much 
more powerful than the venom of the dreaded cobra. 

Locally, in the subeutaneous and muscular tissues around the site of 
inoculation, the characteristically severe action of the crotaline venoms 
is due to many of the toxic principles already enumerated, the severity 
and extent of the lesions being caused by the concentration of the venom 
at this point. A proteolytic ferment is responsible for the softening 
and disintegration of the muscular tissues, and according to Noguehi'® 
a principle analagous to hemorrhagin for the marked edema. 

In summarizing the toxic action of the crotaline venoms, their ability 
to profoundly lower blood pressure, probably because of their direct selec- 
tive action on the vasomotor center; their disintegrating action on the 
endothelium of blood vessels, resulting in the occurrence of multiple hem- 
orrhages, and their antibactericidal effect on the blood serum, must be 
selected as their most dangerous properties. Their inhibition of coagu- 
lation, their functional depression of the whole cord and medulla, and 
the slight tendency exhibited by the two Ancistrodon venoms toward a 


selective action on the respiratory center, must be borne in mind. 
PATHOLOGY. 


Our knowledge of the macroscopic and microscopic lesions found 


after death from crotaline poisoning is limited and based almost entirely 


on experimental findings. 
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Certain gross pathologic changes have been found with great uni- 
formity by various investigators, in the bodies of animals dying from 
venom intoxication. Locally, when the injection of venom has been sub- 
cutaneous, the muscles around the site of inoculation are found soft- 
ened to the point of diffluence and dripping with extravasated blood. 
Evidences of antemortem pyogenic infection of the necrotic tissues are 
frequently observed. Petechial hemorrhages in the pericardium, endo- 
cardium, pleural cavities, peritoneum, mesentery, intestines, omentum, 
and even in the meninges, together with marked congestion of all the 
abdominal viseera, and less frequently of the lungs, are the lesions most 
frequently seen. ‘The blood is generally found to be fluid and pon- 
coagulable. Even in the small animals used experimentally antemortem, 
intravascular clotting is rare, except in cases in which the amount of 
venom injected was considerably in excess of the minimum lethal dose, 
and particularly when the injection was intravascular. 

I have been able to find only four recorded autopsies in man, follow- 
ing death from the bites of American serpents, and of this number three 
have been previously commented on by Mitchell.* All are incomplete 
and would be worthless for the purpose of making any general deduc- 
tions were it not for the similarity shown between the findings in actual 
and experimental cases of crotaline poisoning. The records of these 
necropsies are presented briefly in Table 1. Their great imperfection is 
evidenced at once by the single fact that the condition of the kidneys is 
not mentioned in a single instance. The first case, that of Home, is of 
little importance for showing the lesions of venom poisoning, death being 
undoubtedly due to secondary infection. It serves to emphasize, how- 
ever, the destructive nature of the changes induced by septic infection of 
tissues previously devitalized by the activity of crotaline venoms. In 
the three remaining cases we are dealing with deaths due to the imme- 
diate toxie activity of the venom; the similarity of the lesions found, 
and their resemblance to those described in animal experiments, will be 
noticed. It seems worthy of mention that all the four rattlesnakes re- 
sponsible for these deaths were in captivity and their bites were the re- 
sults of careless handling. 

Knowledge of the microscopic lesions in the various organs following 
venom intoxication is, so far as IT know, dependent entirely on animal 
experiment. In those cases in which death has rapidly followed large 
doses of the venom the microscopic appearance of the parenchymatous 
cells has appeared to be little if at all altered. In more chronic cases 
of poisoning, however, especially where life has been prolonged for days, 


the cells of the various abdominal viscera show cytolytic changes; foci 
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of necrosis, often infiltrated with blood, make their appearance, degen- 
erative changes in the myocardium are sometimes seen, and the kidneys 
may present the picture of acute hemorrhagic nephritis. Degenerative 
changes in the nerve cells of the cords of rabbits following somewhat pro- 
longed poisoning by water moccasin venom, are reported by Langmann,’* 
and Flexner and Noguchi‘? have demonstrated a true chromatolysis oc- 
curring in the isolated cells of several species of Gastropod, when treated 
with rattlesnake or moecasin venom. 


SYMPTOMATOLOGY, 


The clinical picture seen in actual cases of snake poisoning in man 


presents such wide variations that its intelligent presentation becomes a 


matter of some difficulty. The different factors determining the severity 
of the symptoms naturally have a decided bearing on the mortality and 
prognosis of the condition and will be given detailed consideration in that 
connection. The great differences in the toxic properties of the colubrine 
and viperine venoms are well shown by the characteristic differences in 
the symptoms of poisoning by the coral snakes and pit vipers, differences 
sufficiently great to necessitate their separate consideration. The symp- 
toms of crotaline poisoning will be taken up first. It is not to be sup- 
posed, however, that all the symptoms enumerated below will occur in 
every case, for in any particular instance many or nearly all of them 
may be absent. The attempt has been made to consider all of the im- 
portant symptoms present in the different cases studied and to indicate, 
in a general way, the frequency of their occurrence. 

The symptoms of snake poisoning are both local and constitutional. 

Local symptoms are always present in cases of crotaline poisoning 
even when evidences of constitutional disturbances are slight or entirely 
lacking. They are, in addition to the characteristic appearance of the 
wound, the usual manifestations of a rapidly spreading inflammatory 
process of severe grade, with markedly hemorrhagic and necrotic ten- 
dencies. 

The appearance of the wound is, fortunately, almost pathognomonic. 
Its examination reveals the presence of two, occasionally only one, punc- 
tured wounds situated in the center of a rapidly spreading tumefaction. 
These are the fang punctures, and their size and the distance separating 
them, serve as a rough indication of the size of the snake causing the 
injury. The skin around the site of the fang wounds is occasionally 
found slightly abraded by the fine, retrocurved teeth of both the upper 


. Langmann, G.: Poisonous Snakes and Snake Poisons, Med. Ree., 1900, 


17. Flexner and Noguchi: Jour, Path. and Bacteriol., 1905. x. 
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and lower jaws. These abrasions are of absolutely no consequence even 
when made by the teeth of a very large snake. Rarely the fang punctures 
bleed actively either immediately or at some time after the bite; usually 
they only exude a bloody serum. 

The great severity of the symptoms of the local inflammatory process 
set up by crotaline venom is characteristic. Pain is usually severe, espe- 
cially after the swelling becomes extensive and in those eases in which 
prolonged tight ligation of the bitten part is practiced. The amount of 
pain caused by the bite itself is variable, probably depending on the size 
of the fangs and the amount of tearing of the tissues. Swelling is rapid 
both in its onset and spread, and in cases of any severity, where the lesion 
is on an extremity, it reaches the trunk within the first twenty-four hours. 
In some cases the tumefaction is considerable over the lateral half of the 
Lody receiving the injection, and in rare instances has been stated to have 
been general. In cases in which the lesion is on the face or neck the 
swelling is not only intense, but dangerous per se, because of the occur- 
rence of edema of the glottis. This condition was present in a case re- 
ported to me by Dr. J. B. Ashford, of Water Valley, Texas. It was 
relieved by local blood letting, and the patient, an adult male, recov- 
ered. Swelling of a degree sufficient to cause spontaneous rupture of 
the skin is reported in several cases. The skin over the swollen parts is 
frequently so distended as seriously to endanger its vitality, presenting 
under these circumstances a peculiar glazed appearance. Discoloration 
is marked and extensive, spreading, in cases of bites on the extremities, 
well up on to the trunk. The color is that characteristic of extensive 
ecchymotie lesions, and may be uniform or patchy in its distribution. 
In many cases the skin immediately around the bite or over the whole of 
the bitten limb becomes covered with blebs and bulls containing a blood- 
stained serum. 

The amount of local necrosis following these extensive changes is 
variable; some cases escaping it entirely, although a slight superficial 
slough around the sight of the fang punctures is very common. In 
other cases, particularly those in which the tissues have had to with- 
stand the devitalizing action of a prolonged ligation in addition to 
that of the venom, the local sloughing is much more extensive, involving 
deep as well as superficial tissues, frequently necessitating the loss of 
fingers or even in rare cases of a whole limb. 

The constitutional svmptoms present even greater variations in the 
degree of their severity than do the local manifestations, and every pos- 


sible gradation is seen between cases resulting fatally in less than an 


hour and those in which constitutional disturbances is almost entirely 
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lacking. Usually, however, the prostration is alarming enough. Within 
a variable period following the bite, usually less than fifteen minutes, 
during which fright and terror may cause fainting, the patient experi- 
ences sensations of vertigo, an inability to use the limbs, and rapidly 
passes into a state of collapse. The symptoms of this stage differ but 
little from those of similar conditions due to more ordinary causes. 
The respiration may be either rapid and shallow, or slow and stertorous. 
The pulse is rapid, feeble and of very low tension. Blood pressure falls 
rapidly. The temperature is subnormal, the skin cold and clammy and 
covered with perspiration. Nausea is usually present and vomiting is a 
frequent occurrence. Power of voluntary motion is more or less com- 
pletely absent, and the mind may be more or less clouded. Involuntary 
evacuations of the rectum and bladder may occur. In cases of ordinary 
severity, reaction from this primary collapse sets in usually within a 
few hours and the patient may rapidly pass from a condition exciting 
the gravest fears to one of comparative safety. This tendency to react 
promptly and effectively from a prostration of the utmost apparent 
gravity, irrespective of the line of treatment employed, is quite char- 
acteristic, and was first pointed out by Mitchell. 

In cases of greater severity progress is neither so rapid nor so favor- 
able. Reaction may fail to occur, the patient sinking rapidly until 
death ensues.’* In other cases'® a tendency toward reaction is mani- 
fested by a fuller and less rapid pulse, a clearing of the mind, easier 
respiration, and a cessation of nausea and vomiting, only to be followed 
by the occurrence of a secondary collapse which usually proves rapidly 
fatal. This unfortunate accident has been caused in several cases by 
too complete and sudden removal of a ligature which was still segregating 
considerable of the venom from the general circulation. In other in- 
stances the cause of the secondary collapse is less obvious, although the 
result is the same. In the severe cases now under consideration many 
symptoms are present which are fortunately seen rarely, or only in modi- 
fied form. in the average run of cases. Among these, the various mani- 
festations of the hemorrhagic tendency induced by the venom are of 
great interest. In the average case this tendency is shown only by the 
purpurie discoloration of the skin and subeutaneous tissues of the bitten 
limb and adjacent portions of the trunk. In other instances the pur- 
purie eruption may be general, and associated with more or less active 
epistaxis, bleeding from the mouth, hematemesis, hemoptysis, hematuria 
and hemoglobinuria and bleeding from the rectum, vagina, fang 


18. See Cases 3. 4, 8 and 10, Table 2. 


19. See Cases 5, 9, 12 and 13, Table 2. 
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punctures or the wounds made in treatment. A most interesting case. 
presenting practically all of these symptoms, is reported by Owen.*® The 
patient, a young woman, was bitten on the ankle by a snake thought to 
have been a moccasin. All the hemorrhagic symptoms mentioned above 
were present except bleeding from the wound. No treatment is men- 
tioned until about twelve hours after the bite, which may account for 
the severity of the case. The patient recovered in a week. Case 10 in 
Table 2 also shows conclusively now severe the hemorrhage may be. It 
is doubtful, however, if these symptoms are dangerous in themselves, 
and their greatest importance is found in their indicating the increased 
likelihood of hemorrhagic transudates at vital points. It should be 
borne in mind that hemorrhages in the heart, pericardium, medulla, 
brain or other viscera, may be the immediate cause of sudden death. 
or of various otherwise unaccountable symptoms which may serve to 
give a most unusual aspect to the clinical picture of a case. 

A glance at the constitutional symptoms presented by the fatal 
cases collected in Table 2 will disclose many interesting manifestations 
referable to the nervous system. The preservation of a degree of mental 
clearness quite remarkable when the profound prostration present is 
taken into consideration, is characteristic in most instances, although in 
some cases an active delirium is present from the beginning. Delirium, 
however, is more frequently mentioned as a later symptom and in the 
great majority of cases is probably an indication of septic infection. 
(‘oma seems to be rare except as a terminal event in fatal cases. Great 
restlessness and jactitation are frequently mentioned: less often a 
paretic condition of the extremities. General convulsions were noted 
most often in children, as might be expected, and would seem to be of 
grave prognostic significance, every case in which they occurred ending 
fatally. Almost complete cutaneous anesthesia is mentioned in one 
case, and various paresthesias, such as a sense of constriction in the 
throat or chest, were noted several times. Symptoms referable to the 
cranial nerves are seen occasionally. Various disturbances of vision 
amounting to total blindness, paralysis of the ocular muscles, and ptosis 
have all been observed. During the stage of primary collapse, the pupil 
seems to be most frequently dilated, and may fail to react to light. As 
to whether these and other disturbances of functions are due to a direct 
action of the venom on the nerve centers involved or to the occurrence 
of minute central hemorrhages, it is difficult to say. In this connection 
the case reported by Bailie** is worthy of mention. The patient, an 


20. Owen, F.: New Orleans Med. and Surg. Jour., 1867, xx, 207. 
21. Bailie, A.: Med. Times, London, 1849, xx, 179. 
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adult male, was bitten on the ankle by a rattlesnake. A tendency 
toward hemorrhage was shown by the presence of blood in the stools 
and sputum, and the occurrence of a temporary ptosis, confined to the 
right side, might well have been caused by a small hemorrhage. A 
temporary amaurosis was also present in this case. Deafness of brief 
duration is mentioned in one case. 

The findings in regard to temperature, pulse and respiration show 


little that is typical. When the primary collapse was at all severe the 


temperature, if mentioned at all, was stated to be subnormal. Fever is 


noted in a number of cases, but in most instances is undoubtedly septic 
‘n character rather than being reactionary, or due to disturbances of 
the heat regulating center. The pulse is usually stated to have been 
weak, rapid and lacking in volume, although a slow pulse was present 
in a few cases. The respirations were most frequently rapid and shal- 
low. in a small number of cases slow and stertorous. The occurrence of 
hemoptysis has been noted. Pulmonary edema was present in a few 
cases. It is interesting to note that in Case 10, Table 2, it is definitely 
stated that the respirations continued after the heart ceased beating, an 
observation tending to support the statement previously made in regard 
to the lack of selective action of rattlesnake venom on the respiratory 
eenter. On the other hand the experimental findings in regard to the 
effect of Ancistrodon venoms on the respiratory center are strikingly 
borne out clinically by the case reported by Crum.*? The patient, a 
voung woman, about 20 years of age, was bitten on the ankle by a 
copperhead of medium size. Two hours later, the respiration ceased and 
had to be kept up artificially. This patient finally recovered, 
Symptoms from the alimentary and genito-urinary systems are mainly 
manifestations of the hemorrhagic activity of the venom. Nausea and 
vomiting are present in almost every case of any severity. The char- 
acter of the vomitus is rarely mentioned. The presence of blood is noted 
‘n some cases, in others it is stated to be bilious. Difficulty in swallow- 
ing or a complete inability to swallow was noted occasionally. The 
violent purging, with blood stained stools or even pure blood,** is more 
likely to be due to the action of the venom than the simple diarrhea 
occasionally noted, which may well be septic in character. Retention 
of urine requiring catheterization was present in a few eases. I have 
heen unable to find the report of a single urinalysis in any of the cases 
22 Crum, C. W. R.: Treatment of the Bites of Copperhead Snakes by Lo« al 
Freezing Combined with Frequent Applications of Potassium Permanganate Solu 
tion. Jour. Am. Med, Assn., 1906, xlvi, 1433. 


} See Case 10, Table 2. 
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studied, bevond vague references to the amount passed and the amount 
of blood present. It is more than likely that investigation along this 
line would disclose the presence of a nephritis in cases of any severity 
and duration. 

All that has been said above applies to the symptomalogy of crotaline 
poisoning exclusively. Knowledge covering the symptoms of colubrine 
poisoning in the United States must be based largely on reasoning from 
analogy, only seven cases being mentioned in the literature and these 
with a paucity of detail sufficient to make them practically worthless. 
It need only be said here, that bites by the coral snakes are followed by 
a characteristic absence of local symptoms and by a profound prostra- 
tion, very frequently terminating fatally, probably from a paralysis ot! 
the respiratory center in the medulla. The symptoms presented by two 
fatal cases of coral snake bite will be found under Cases 14 and 15, 
Table 2, and it will be seen that there is no reason for believing that 
the action of the venom of these snakes differs essentially from that of 
other colubrine venoms. While cases of colubrine poisoning will un- 
doubtedly continue to be so rare in this country as to be practically 
negligible, the following notes on the seven reported cases are appended 
for the sake of getting them recorded in medical literature. Of the 
seven cases only two have been previously mentioned in purely medical 
literature, one by Barringer** and one by Yarrow.** Stegner’ collected 
six cases, including the two mentioned above. These were originally 
reported by True? Coe** and Loennberg.** 1 am indebted to Dr. 
Menger, of San Antonio, for calling my attention to the case, mentioned 
by him in a paper read before the Scientific Society of San Antoniv.* 
L. Randall, of Altamonte 


In a personal communication from Dr. C. 
Sprmgs, Fla., mention is made of one other case, ending fatally. 

Table 2 contains a tabular statement of the clinical data available 
in fifteen fatal cases of snake poisoning, three of which, Cases 1, 2 and 4 
have been previously tabulated by Mitchell. 


24. Barringer, P. B.: The Venomous Reptiles of the United States, with the 
Treatment of Bites Inflicted by Them, Tr. South. Surg. and Gyn. Assn., 1891, 
Philadelphia, 1892, iv, 285; also Gaillard’s Med. Jour., 1892, Iv, 7. 

25. Yarrow, H. C.: The Recurrence of Symptoms of Poisoning After Snake- 
bite, Med. News, Philadelphia, 1887, L., 623. 

26. True: Am. Naturalist, 1885, xvii, 26. 

27. Coe: Scient. Am., 1891, Ixiv, 401. 

28. Loennberg: Proe. U. S. Nat. Mus., xvii, 334. 

20. Menger: Bull. Scient. Soc., San Antonio, 1905, i, 11. 


Reporter. Patient. Snake. Wound. Duration. Local Symptoms. Constitutional Symy _ 

1. Piborell*® ...... -|Male adult about 30 Captive rattlesnake. Hand, 2 bites, 3 Nine hours.. -|Slight swelling, and dis- Fain€§d after use of cautery; great prostration { 
years. fang wounds. coloration. pu Weak, later rose to 110. Respir ation 

| deg@Pitition, pupils contra ted, swelling of lips 

2. Horner'* .......- |Adult male, chronic Captive rattlesnake. | Elbow About Is hours..... Itching followed by pain  Bitte@J in afternoon. Next morning vomiting. involunta 
alcoholic. and swelling. col@, pulse thready, respiration natural and eas 

| gre Prostration, vielent abdominal pain mind clea 

3. Clarke®® ........ -|Adult male about 50 Captive rattlesnake. |Hand, over fourth Twenty-four hours.| Pain and coldness in hand In orBer of occurrence: sensation of fullness in fugu! 
years, had leprosy first noticed. Rapid, general tremor, dittieulty of se 
and elephantiasis. pal bones. swelling and increase of somolency, chilliness, difficulty of deglutitien. loss 

| pain which extended to| epigfaxis, which continued, bleeding from  pustul 
| | } | chest. Some discolora resppration, salivation, frequent micturition, great aux 
| | tion. blo@ly urine, involuntary movements of right thumb and | 
| deaf. Pulse ranged around 100 and was full until ne 
| | | | 
4. Post’? ......- --++/Male about 40 years, |Captive rattlesnake./Last phalanx, mid- About 5 hours......|Jet of blood from wound Two 4nd a half hours after bite, pulse medium strens 
a physician. | dle tinger. | immediately following houf, pulse absent at wrist, coma. Fifth hour, death 
| bite, Rapid swelling and 
| | | discoloration extending 
| up arm. 
| | | 
5. Alexander®® ...-/Small child.......... (Cro- Near tendo achilles. Kighteen hours.. .. |Rapi@P~y fatal collapse following re Loft lig ‘ 
| talus). | 
| | | 
6. Kunkler** ....-- Boy of 6 years...../Copperhead .........|Little toe............ Death on fourth|Rapid swelling. Second) First#day: nausea, cold skin, rigors, feeble pulse. Se 
| day. | day entire limb swollen,| rig@®s, constant delirium, tongue dry and red. diarrt 
| | foot a shapeless mass, tiom Worse, delirium continued Fourth 
| | large vesicles over entire 
| limb, course of lym- 
| phaties indicated by red 
| lines: Third day gan-| 
| grene of entire foot ex-) 
| tending rapidly, inflam-| 
| ! | mation, extending over) 
| | groin and scrotum. 
7. Shapleigh** ...--/Adult male.......... Captive rattlesnake, Single bite on index|Forty minutes...... Quivering of bitten part. |Greag excitement, sense f pet w deatl 
large southern! finger. 
species. | 
| | | 
8. Rivers®® .......- - Negro boy, 7 years. Rattlesnake ........ -|Probably upper ex- Three hours.. Qecxandewscksax Vomiting within three minutes. Spasmeodis ove 
tremity. | erable motor excitability, uwneonsciousness on 
| 

9. Comfort®® ...... Boy 6 years, weigh-|Rattlesnake, length|Back of hand, 2 Seventeen hours....|Four hours after bite area|One p. m., four hours after bite: Patient delirion ' 
ing about fifty! about 4 feet. fang punctures. immediately around) ptosis, paralysis of superior reeti musek pupel 
pounds. | | wound not much swollen; light, little suffering, marked prostration, mo puts 

but apparently gangren-| temperature ®.s.) During afternoon: Repeated vo ne 
| ous. Arm greatly! at first, then less often, urine pale, diarrhea, exce ‘ 
swollen and discolored,| ness and jactitation, some pare of both upy 
fingers semiflexed. Three p. m.: Some reaction, pulse felt at wrist nel 
hormal, complained of pains, felt sleepy. tenis ‘ 
| | Weakened, convulsions, death at 2.4. im 
10. Spalding*® Adult male......... .|Large Crotalus ad-|'Hand between first Twenty-seven and a Rapid swelling, great| Fainting, vomiting within half hour. Three hen ifter 
amanteus, cap-, and second meta-| half hours. pain, discoloration reach great anxiety, mind clear pulse rapid, almost ip 
tive. | earpal bones. ing chest, enlargement} hurried and labored, great restlessness, sense of cor 
of axillary glands, hand; pain in abdomen. Fourth hour: involuntary evacuatiors 
cold, free bleeding from| becoming nothing but pure blood, vomiting of pure bi 
incisions. sluggish, voice husky and weak, radical pulse barely pe 
} restlessness. Pulse became weaker and weaker, speect 
tration and mental depression, death, Heart censed te 
| tions, 

11. Brewer®?......... Boy 7 years........ . Rattlesnake .........| Finger Death on fifth day. Enormous swelling and!First day: breathing difficult, uncertain heart hot 

bleb formation up to! sive movements. Second day: active del 1 

trunk. Great pain. fever, great pain. Third dav: better, took non 
times. Fourth day: fall in temperature well 
day: death. 

12. Crouse** ... Negro boy, 5 years. Crotalus adaman- Dorsum of hand....;Six and a half |Two and a half hours after bite: gre 

teus, feet long. hours. seareely perceptible at wrist espira 
moist rales in lungs, temp pupil 
iting, general cutaneous nesthes Sligl 
stryehnin. Collapsed after relaxation 
respiration more rapid, mind cleat eten f 1 
; 

13. Lewis®® .... ...-. Male, 14 years... .|Large rattlesnake. | Calf of leg, june-|Six hours.. .| Two hours after bite great|Two hours after bite: pulse 140 and weak, cold extreniti« 
ture of upper and swelling of limb, consid-| and vomiting. Reaction followed treatment, pulse owe 
middle thirds. erable pain, ecchymosis| extremities warm, mind clear, no pain, After about ty 
Both fangs pene- around fang wounds. | rapidly, pulse weak, about 1%, respiration rapidly re 

| trated full length. | repectedly, re stless, mind clear, death 
| 

14. True® .........+ Adult male.......... \Coralsnake .... .. ..| Finger ...|Twenty-four hours. None present .| Sense of glowing heat ever whole body, great pr 

| tote! suppression of urine, ne unconsciousne 

15. Coe®? .......6 -|AGult maie.......... |Coralsnake. E. ful-|Hand ............... . Eighteen bours...../Pain in hand and ness, dull pain in head, sense of fullne 

vius. | | half hour after bite. 

30. Clarke: Lancet, 1838-39, i, 443. 34. Shapleigh: Am. Jour. Med, Se., | 36, Ivii, 392 B. 

31. Post: Buffalo Med. Jour, and Month, Rev., 1848, iv, 115. 35. Rivers: South. Med, Record, 18 iv, 505, wel 

32. Alexander: St. Louis Med. and Surg. Jour., 1855, xiii, 116. 36. Comfort: Philadelphia Med, Tins, 1878. ix, 77 4 

33. Kunkler: Cincinnati Lancet and Observer, 1859, new series ii, 662. 37. Brewer: Kansas Med, Jour., 18{ >. ix. 57 
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TABLE 2.—CLINICAL DATA IN FIFTEEN FATAL C: 


Duration. Local Symptoms. 
| 
es, 3 Nine hours..........|/Slight swelling, and dis- 
| coloration. 
About Is hours.....|/Itehing followed by pain 


| and swelling. 


Pain and coldness in hand) 
first noticed. Rapid 
swelling and increase of) 
pain which extended to 
chest. Some discolora- 
tion. 


fourth ‘Twenty-four hours. 
*tacar- 


» mid- About 5 hours Jet of blood from — 
immediately following | 
bite. Rapid swelling and) 
discoloration extending) 
up arm. | 


| 
hilles. Kighteen hours 


| 
Death on fourth/Rapid swelling. Second} 
| day. day entire limb swollen, 
foot a shapeless mass, 
large vesicles over entire 
limb, course of lym- 
phatics indicated by red 
lines: Third day gan- 
grene of entire foot ex- 
tending rapidly, inflam- 
mation, extending over 
groin and scrotum. 


2 index|Forty minutes |Quivering of bitten part. 


| | 


| 
| 


2 Seventeen hours.... 


Four hours after bite area 
immediately around 
wound not much swollen 
but apparently gangren- 
ous. Arm greatly 
swollen and discolored, 
fingers semiflexed. 


and, 
ures. 


n first Twenty-seven and a Rapid swelling, great 
meta-| half hours. pain, discoloration reach- 
es. | ing chest, enlargement 
of axillary glands, hand 
cold, free bleeding from 

incisions. 


and 


Death on fifth day./Enormous swelling 
to 


formation up 
trunk. Great pain. 


hours. 
hours.. hours after bite great 
per and swelling of limb, consid- 
1irds erable pain, ecchymosis 
s pene. around fang wounds. 


length. | 


hours.|None present.. 


'Pain in hand and arm 
| half hour after bite. 


Great excitement, 
| 


Faint 
pulk 
deg 


«dl after use of ca 
2 WO, weak, later 
Atition, pupils cor 


in afternoon. Ne 
r, pulse thready, 
t prostration, viol 


Bitter 
cole 
gret 


ler of occurrence: 
7, general tremor 
nolency, chillines: 
taxis, which con 
iration, salivation 
dy urine, involunt 
h. Pulse ranged ¢ 


In or 
bod 
som 
epis 
blo« 
dea 


Two :.nd a half hours af 
hou *, pulse ubsent at 


Rapic ly fatal collapse 1 


First day: nausea, cok 
rigors, constant deliri 
tion worse, delirium 


sens 


Vomiting within three n 
erable motor excitabili 


One p. m., four hours af 
ptosis, paralysis of sv 
light, little suffering, 
temperature Dur 
at first, then less ofte1 
ness and jactitation, 
Three p. m.: Some rea 
normal, complained of 
weakened, convulsions 


Fainting, vomiting withi 
great anxiety, mind « 
hurried and labored, ¢ 
pain in abdomen. Fou 
becoming nothing but | 
sluggish, voice husky a 
restiessness. Pulse be« 
tration and mental de 
tions. 


First day: breathing dif 
sive movements. Secor 
fever, great pain. Thi 
times. Fourth day: fa 
day: death. 


Two and a half hours af 
scarcely perceptible at 
moist rales in lungs, t 
iting, general cutaneo 
strychnin. Collapsed . 
respiration more rapid, 


Two hours after bite: pu 
and vomiting. Reactio 
extremities warm, min 
rapidly, pulse weak, a 
repeatedly, restless, m 


.| Sense of glowing heat o 


total suppression of u 


Drowsiness, dull pain in 


34 
35. 
36. 


37. Brewer: Kansas Med, Jour 
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Rivers: South. Med, Record, 1874, iv, 505. 
Comfort: Philadelphia Med. Times, 1878, ix, 77. 
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CASES OF SNAKE POISONING. 


Constitutional Symptoms. Treatment. 


of cautery; great prostration following removal of ligature,| Temporary moetion done imme-| 
later rose to 110. Respiration noisy, mind clear, difficult} diately. Actual cautery in 13] 
Is contracted, swelling of lips. minutes. Olive oil, leeches to} 
throat. 


|. Next morning vomiting, involuntary stools of dark bilious|Local blood letting, ammonia and 
ady, respiration natural and easy, one general convulsion,| olive oil internally. 
. violent abdominal pains, mind clear until death. 


pnee: sensation of fullness in jugulars, numbness over whole|Practically none. 
emor, difficulty of speech, sense of constriction in throat, 
liness, difficulty of deglutition, loss of use of arm, slight 

continued, bleeding from pustule under arm, difficult 
ation, frequent micturition, great anxiety and restlessness, 
oluntary movements of right thumb and left leg, convulsions, 
ged around 100 and was full until near the end. 


irs after bite, pulse 80, medium strength and fullness. Third|Immediate suction, excision of, 
nt at wrist, coma. Fifth hour, death. bite in less than half an hour; 
cautery and ligation. Brandy 


mouth and rectum. 


ipse following removal of ligature sixteen hours after bite.|Ligature, no incisions. Intoxica- 
tion with whiskey. 


For see Case 


| 


Patient intoxicated when 
bitten. For autopsy see 
| Case, 3, Table 1, 


| Patient allowed himself to 
be bitten in hope of cur 
ing leprosy. Decomposi 
| tion very rapid. 


Spurt of blood may have 
indicated intravenous in 


jection of a part of the 
and ammonia carbonate by) 


| 


venom, 


|Death was attributed to 
too sudden removal of 


ligature. 


| 


cold skin, rigors, feeble pulse. Second day: high fever,|Free incision, labial suction,| Death undoubtedly due to 
delirium, tongue dry and red, diarrhea. Third day: condi-| selution of jedin and = potas-| sepsis, 
ium continued. Fourth day; convulsions and death. sium iodid injected locally,) 


Opium and ammonia. 
| 
| 


sense of impending death, coma, stertorous breathing. Cauterized with pure nitric acid 
within two minutes. Free in 
cision and ligation within 
twenty minutes. Alcohol in 
ternally. 


iree minutes. Spasmodic movements of eye muscles, consid- ...... 
tability, unconsciousness, coma and death. 


urs after bite: Patient delirious, hearing impaired, blindness, Immediate incomplete ligation 
of superior recti muscles, pupils dilated and insensitive to. and whiskey internally. Four 
ring, marked prostration, no pulse at wrist, respiration 30, hours after bite, tight ligation, 
During afternoon: Repeated vomiting, micturition frequent ammonia hy podermieally and 
. often, urine pale, diarrhea, excessive thirst, great restless-| by mouth, whiskey every hour. 


tion, some paresis of both upper and lower extremities. Ligature loosened seven hours 
we reaction, pulse felt at wrist, mind clear, hearing and sight after bite. 
ed of pains, felt sleepy, temperature 97.5. During night pulse 


sions, death at 2 a. m. 


within a half hour. Three hours after bite: cold clammy skin, Wound incised three times. Enor- 
1ind clear, pulse rapid, almost imperceptible, respiration, mous doses of whiskey. Whis- 
‘ed, great restlessness, sense of constriction across chest and, key and ammonia hypodermic 
Fourth hour: involuntary evacuations from bowels, finally) ally. 
‘but pure blood, vomiting of pure blood, pupils dilated and 
sky and weak, radical pulse barely perceptible, great thirst, 
se became weaker and weaker, speech difficult, marked pros- 
al depression, death. Heart ‘ceased beating before respira- 


1g difficult, uncertain heart action, patient rational, convul- Prompt ligation, e 

Second day: active delirium, trismus, high arterial tension, labial suction. neral stimu 
ay d: better, took nourishment, acted ss at, lation with whiskey, and 
: fall in temperature, swelling spreading over body. Fifth) strychnin hypodermically. 


ision of bite, 


urs after bite: great prostration, cold extremities, pulse 162,| Ligature within twenty minutes. 
ble at wrist, respiration shallow, 48 per minute, abundant; Potassium permanganate in the 
igs, temp. 97, pupils contracted, conjunctivae injected, vom wound. Strychnin hypodermic- 
itaneous anesthesia. Slight reaction followed injection of ally. 

psed after relaxation of ligature, pulse absent at wrist, 

rapid, mind clear, retention of urine, death in convulsions. 


te: pulse 140 and weak, cold extremities, considerable nausea Immediate ligation. Two hours 
eaction followed treatment, pulse slower and better volume, after bite: crucial incision of 
, mind clear, no pain. After about two hours became worse, wound, labial suction, moist 


ak, about 15, respiration rapidly reached 65. Bowels moved carbolic dressing, second liga-, 


‘ss, mind clear, death. ture relaxed intermittently, 
artificial heat, strychnin and 
adrenalin, 1 to 1000, hypoder- 
mically, aromatic spirits of am- 
monia by mouth. 


eat over whole body, great prostration, slow, feeble pulse, ............. 
of urine, no unconsciousness. 


ain in head, sense of fullmess in eyelids, Ptoals. 


Death may have been due 
to cerebral hemorrhage 


Death attributed to prema 
ture loosening of liga 
ture by child’s mother 


For autopsy see Case 4, 
Table 1, 


Death evidently due to 


sepsis. 


Death probably due to too 
sudden relaxation of lig 
ature. 


Death in spite of skilled 
treatment. 


2. 38. Crouse: The Venomous Snakes and Spiders of Texas, Texas Med. News, 


1901-02, xi, 413. 
oT. 39. Lewis: Jour. Am. Med. Assn., 1906, xlvii, 2012. 
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COMPLICATIONS AND SEQUEL.E. 

The frequency with which crotaline poisoning is complicated by 
local or general septic infection, and the severity of these conditions 
when present, have received but scant attention in the literature. It is 
obvious that a marked predisposition to infection must be present. 
Locally, we are dealing with a greater or less amount of necrotic tissue, 
being gradually separated from the body by the usual process of slough- 
ing. Those tissues in the neighborhood of the wound which have escaped 
death must of necessity be devitalized from the powerful and concen- 
trated action of the venom, and in a large number of cases, from the 
effects of a prolonged ischemia induced by too light ligation. Great 
softening, edema, and infiltration with extravasated blood are alse 
present. In addition to the general systemic depression which must 
follow such a severe intoxication, the positive reduction or total destruc- 
tion of antibactericidal properties of the blood must be taken into con- 
sideration. It is little wonder, then, that septicemie and  pyemic 
processes are so frequently observed clinically, but it is difficult to under- 
stand the scant consideration which has been accorded this phase of the 
subject in the literature. While the symptoms, course and treatment of 
these infections present nothing unusual, it must be pointed out that 
chills, high fever, full bounding pulse, and active delirium, stated to be 
present in so many cases, mean infection and not the venom intoxica- 
tion to which they are, in the majority of instances, attributed. The 
frequency of this complication, and the necessity for guarding against 
it can not, in my opinion, be too strongly emphasized. 

In addition to the infections beginning in the tissues around the 
wound and becoming localized there, or involving the body generally, 
there are undoubtedly various other infective processes, terminal or 
otherwise, which have escaped notice clinically. MeFarland*®? observed 
a fatal pneumonia in one of the horses used in his attempt to prepare 
an effective anticrotaline serum, and pneumonia and other infectious 
diseases may reasonably be supposed to occur in man. 

For the following report of a most interesting case, tetanus compli- 
cating snake bite, which so far as my reading goes is unique in medical 
literature, I am indebted to Dr. W. E. Hawkins, of Bayou Chicot, La. 
The patient, an adult male, was bitten on the thumb by a large rattle- 
snake. He received no medical attention, but did very well for about a 
week, when he first came under observation with well-developed symp- 
toms of tetanus from which he died in two davs. The fact that this 


40. MeFarland, H. J.: Some Investigations on Antivenene, Jour. Am. Med. 
Assn... 1901, xxxvii, 1597. 
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patient received no medical attention immediately after the bite renders 
it likely that the organism was introduced on the fangs of the snake 
rather than during the local treatment of the wound. 

Deformity following snake bite is seen with considerable frequency 
in the form of fibrous ankylosis of the interphalangeal joints in cases 
in which the lesion is on a finger. Many such cases are reported. It 
would seem that extensive deformity might be reasonably expected to 
follow the cicatrization of the areas of extensive sloughing of superficial 
tissues and even of muscles, noted occasionally, but no such cases are 
reported. The extent and seriousness of this sloughing in some instances 
is well known in the case reported by Walker.“1 | A man 35 years of 
age was bitten by a water moccasin on the dorsum of the hand over 
the third and fourth metacarpal bones. The accident happened on 
Sunday morning, the patient drank some whisky and tried to reach 
the house of a neighbor but fell, and lay all day in the sun, not being 
found until night. He was first seen by a physician on Wednesday, when 
the tissues around the bite were in a gangrenous condition. The slough- 
ing became so extensive that the forearm was amputated, the patient 
making a good recovery. Permanent enlargement of the bitten limb 
is reported by Jones** in the case of an adult male negro bitten on the 
leg by a water moccasin. Mr. Wood of the Smithsonian Institution has 
reported to me a case of permanent hypertrophy of the thumb in a boy 
of twelve, bitten on this member by a small ground rattler, S. miliarius. 
Dr. C. W. Lindner, of Anthony, Fla., reports to me the following inter- 
esting and unusual case of deformity following the bite of a rattle- 
snake. The patient, a boy of ten or twelve, was bitten on the forearm 
a few inches above the wrist. When recovery was assured the arm was 
placed in splints and put up in a sling. The child’s parents removed 
the splints, however, and a bow-shaped curvature of both bones resulted. 
This may have been a case of spontaneous fracture. 

Anemia of considerable severity and duration has been noted as a 
sequel in a few cases. Crum** reports such a case following the bite 
of a copperhead. The patient, an adult female, had previously been in 
good health and ultimately made a good recovery. 

A case of permanent although partial amaurosis is reported by Bose- 
man.** The patient was a boy nine vears of age bitten on the ankle 
by a ground rattler. There was considerable suppuration and sloughing 
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in this case and as the blindness did not develop until five or six weeks 
after the injury there is naturally a question as to whether it should be 
attributed to the direct action of the venom or to the resulting infection. 

A belief in the possibility of a periodical recurrence of some of the 
symptoms of snake poisoning at varying intervals after the original 
injury, is firmly fixed in the popular mind. A priori reasoning would 
certainly seem to justify the categorical denial of such a_ possibility. 
Venom is an albuminous fluid, which from the very nature of things 
must, after its injection into the living body, either bring about the 
death of the organism or be itself speedily destroyed. It is therefore 
impossible to conceive of its remaining latent in the body to be the 
cause of future local or systemic disturbances. If, then, such occurrences 
have really been observed they must be accounted for on some grounds 
other. than a latent action of the venom originally injected. Cases 
reported as recurrences in which the symptoms consist only of vague 
pains felt in the neighborhood of the wound at irregular intervals, may 
readily be due to any of the well known factors causing painful cicatrices. 
In these cases, however, the element of periodicity is lacking. I am 
perfectly willing to submit the evidence in the case and let the reader 
draw his own conclusions. 

Yarrow*’ in 1887 collected all the alleged cases of recurrence up to 
that date and added two cases which had come under his own observa- 
tion. I have found no additional cases worthy of mention reported 
since the time of Yarrow’s article. Of the cases collected in this paper, 
those of Sweeney,** Stockbridge*® and Coleman*® have little to recommend 
them for consideration. Sweeney, for instance, reports a case, in which 
a condition suspiciously like an ordinary bone felon is attributed to the 
bite of a copperhead on the same finger thirty vears perviously. Both 
of the cases which came under Yarrow’s own observation are of con- 
siderable interest. From the original report’ of the first there can be 
no doubt that there was considerable infection present. Of the sub- 
sequent history of this case Yarrow says: “The case of a photographer, 
bitten by a copperhead, . . . I have watched carefully from 1883 to 
1886, the last attack commencing on May 30, the anniversary of his 
injury, and lasting over a week. His condition about the acme of the 
attack was as follows: Pulse quick; complains of general malaise; pain 


and stiffening in the bitten finger, which extends up the arm: surface 
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of hand shows bluish mottling, with lines of redness extending as far as 
the shoulders along the lines of the lymphatics. He had slight chilly 
sensations, and some fever. Obliged to quit work, as he could not con- 
centrate his attention to it. Has taken nothing but whisky and quinin. 
These notes were read to him, and he stated that they represent fairly 
his condition at each recurring period since the bite.” The second case 
was that of an adult male bitten on the finger by a coral snake (Flaps 
fulvius) in 1882. Each subsequent vear at approximately the anni- 
versary of the bite a small abscess formed in the bitten finger, from 
which the nail would be lost. 

The case of Piffard*S is undoubtedly the most interesting in the 
literature. It is reported in great detail. At the first examination of 
the patient there was noted a tendency toward contraction of the flexor 
tendons of the right forearm and the presence of a vesicular eruption 
on the skin between the thumb and index finger of the right hand. 
Inquiry elicited the information that the patient, a voung woman of 
nineteen, had been bitten on the thumb by a rattlesnake several years 
previously. At the time, in addition to the usual symptoms there had 
heen a contraction of some of the flexor tendons and an inability to 
extend the hand. At regular periods of three months the patient had 
noticed the appearance of a vesicular eruption over the metacarpal bone 
of the thumb, associated with a “beating” pain and contractures of the 
flexor tendons. The woman’s husband confirmed her statement and 
Pitfard himself observed attacks oceurring consecutively in March, June 
and September and on several subsequent occasions. The interval 
between attacks gradually became longer, and when last seen the patient 
had had no attacks during a period of seven or eight months. The total 
duration of these strange phenomena was over ten vears. 

In this connection, it may not be amiss to transgress the limitations 
of the subject to American serpents, in order to mention the very inter- 
esting case of Demeurat.*® His patient was a young woman 26 vears 
of age, who was bitten in May, 1824, by the common European viper, 
Vipera berus. In addition to the more usual symptoms a bullous erup- 
tion made its appearance on the skin of the bitten part and did not 
entirely disappear until November of the following vear. In the last 
part of May, 1826, and at about the same time for 39 consecutive years, 
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a similar eruption made its appearance, lasting about six weeks, and 
preceded bv lassitude, anxiety, nausea, headache, and other evidences of 
constitutional disturbance. 

DURATION. 

Like everything else connected with the subject, the duration of the 
illness following snake bite is subject to the widest variations. In the 
great majority of cases recovery from the constitutional disturbance 1s 
complete in two or three days and many times in a few hours. The 
entire restoration of the tissues around the bite to a normal condition 
usually takes longer, the exact time taken depending mainly on the 
amount of necrosis and sloughing and whether or not infection occurs. 
Tuten® reports a case following the bite of a rattlesnake, in’ which 
the ulcerated surface left after the separation of the sloughs was over a 
vear in healing. There can be no doubt that the cases of prolonged 
illness so frequently reported are septic in character, and rarely if ever 
due to the primary action of the venom. The duration of the fatal 
cases shows much less variation, although largely influenced by the same 
factors. Of the seventy-eight fatal cases in the series the time of death was 
noted with considerable accuracy in fifty cases. An analysis of these 
cases is presented in Table 3, and for comparison the findings given by 
Faver*™ in a similar analysis of sixty-five cases of cobra poisoning. The 
rather? striking similarity is of considerable interest. 

TABLE 3.—DvuRATION OF Firty FATAL CASES OF POISONING BY AMERICAN SNAKES 


COMPARED WITH THAT OF SIXTY-FIVE CASES OF CoBRA POISONING, 


P Series of 50 Series of 65 
Duration. 
American cases. cobra cases, 
No. of cases. | Per cent. Per cent. 
Less than one hou 8 16 
One to six hours 18 26 
Less than six hours 21 | 42 4.4 
Six to twenty-four hours.... 18 36 32.5 
Less than twenty-four hours 78 
Second day ...... aire 4 s 
Third to seventh day 4 8 
Seventeen days | 
Over one month err ] | 
Longer than twenty-four hours 11 4 | 21.1 


CAUSE OF DEATH. 
The action of coral snake venom, as shown in the few recorded cases 
of bites by these snakes, is sufficiently like that of other colubrine 
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venoms, which have been most carefully studied, to render reasonable 
the belief that death in these cases is usually due to paralysis of respira- 
tion. 

In crotaline poisoning, however, the cause of death can not be stated 
with such certainty, and it evidently varies with the time elapsing before 
its occurence. Cases terminating fatally within a few minutes of the 
injection of venom are fortunately very rare, but do undoubtedly occur, 
Roberts? reports the case of a boy seven vears of age bitten twice by a 
rattlesnake, once on the hand and once on the che k. below the eve. The 
child sereamed and pitched forward and was dead before an eve witness 
of the affair could reach him. Blackwood** reports a death occurring 
within ten minutes in the case of a girl three vears of age, bitten on 
the eyebrow by a large rattlesnake. Unfortunately the reports of these 
cases are so extremely meager as to preclude the possibility of making 
deductions concerning the cause of death, from an analysis of the 
symptoms presented. The possibility of death from shock must be con- 
sidered, particularly in such a case as that of Roberts. Immediate intra- 
vascular thrombosis or the occurrence of hemorrhages in the heart or 
central nervous system would, of course, alford a satisfactory explana- 
tion. In Blackwood’s case, however, the blood was found after death 
to be perfectly incoagulable. As [ have stated, [ am very skeptical in 
regard to the possibility of crotaline venom causing immediate intra- 


n man, with the possible exception of cases similar 


vascular thrombosis 
to the two under discussion, in which, it will be observed, both patients 
were small children, and the location of the bite was extremely vascular. 

Death, in the great majority of cases, occurs in the first twenty-four 
hours, usually during the primary collapse, in a few cases in a state of 
secondary collapse to which reference has been made. In these cases sud- 
den death may be due to hemorrhage at vital points and the possibility of 
fatal termination from suffocation, in cases in which the bite is on the 
face or neck, should be borne in mind. In most instances, however, both 
experimental and clinical findings point te a combination of general 
nervous depression and circulators failure, due lo lowered blood pres- 
sure, and resulting in secondary respiratory failure, as being respon- 
sible for the fatalities. The greater prominence of primary respiratory 
failure in cases of Ancistrodon poisoning has been pointed out. 

In those cases in which death occurs days, weeks or even months 
after the bite, there can be no doubt that sepsis or some of its complica- 
tions is responsible. It is inte resting to note that of the seventy-eight 
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fatalities in the series, eight may be definitely stated to have been due 
to sepsis. This would indicate that infective processes are responsible 
for 10.2 per cent. of the fatal cases, probably an underestimate when 
we take into consideration the lack, in such a large number of cases 
of clinical details sufficient to positively exclude sepsis. Rarely, pos- 
aibly, death in these cases may be due to the necrotic lesions in the vari- 


ous viscera, particularly the liver and kidneys. 


DIAGNOSIS, 

The question of diagnosis rarely comes up tor solution, the history 
of the case being usually complete. The venomous or innocuous char- 
acter of the snake causing the injury will require decision in some cases. 
If the reptile has been killed its identification may be readily made by 
looking for the characteristic points considered fully in Part I. If the 
reptile can not be examined dependence must be plac ed on the appearanc 
of the wound, which also has been previously considered under symptom- 
atology. Only in exceptional cases will the question as to whether the 
lesion is due to snake bite or some other form of injury, need solution. 
The wound, in these cases, may be inflicted in the dark, or persons 
may be bitten when entirely alone, and found only after death, or 
unconsciousness has supervened. Here, again, the pathognomonic ap- 
pearance of the wound, together with the presence of ecchymosis and 
swelling locally, the profound general collapse, and the subnormal tem- 
perature will aid in making a correct diagnosis. A case in which the 
diagnosis lay between erysipelas and snake bite is reported by Thomas.”* 
The patient. a boy of four or five years received an injury on his foot 
while walking through a stubble field known to have been infested with 
rattlesnakes. The wound consisted of two scratches. Death occurred 
on the third day, following enormous swelling of the limb, nausea, vomit- 
ing, collapse, and subnormal temperature. The case was diagnosed, 
correctly in my opinion, as one of snake bite. 


MORTALITY. 

The mortality from the bites of American serpents has never been 
satisfactorily determined. Mitchell, in 1860 stated that in 57 cases of 
rattlesnake bite mentioned in the literature, five patients died. This would 
represent a mortality of 8.7 per cent. Elzey,®® whose opinion is often 
quoted, merely estimated that in 15 per cent. of cases of rattlesnake bite 
in adults, the patients would die, if left untreated. Barringer** stated 
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lus belief that the mortality from rattlesnake bite would not exceed 10 
per cent. and from copperhead bite 1 per cent. The mortality from 
water moceasin bite, he thought, would fall below even this last figure. 
There were 78 fatal cases in the total of 740 which I have collected, a 
mortality of 10.5 per cent. This figure represents the mortality of all 
species combined, and in my opinion may be accepted as representing 
with considerable accuracy the actual mortality attending snake bite in 
the United States, the number of cases on which it is based being con- 
siderable, and having been collected from sufficiently varied sources. As 
tending to prove the accuracy of this rate, it may be stated that the 
mortality rates for cases collected from the literature and from various 
private sources were, respectively, 10.2 per cent. and 10.3 per nt.. a 
variation of only 0.5 per cent. The mortality rate for the different 
species will be given later in considering the effect of species on the 
prognosis. 
PROGNOSIS, 

That an extreme degree of variation in the severity of the symptoms 
of snake poisoning as seen clinically, is one of the most characteristic 
features of the condition, has been frequently mentioned previously. It 
is obvious then, that intelligent prognosis in these cases must be based on 
a knowledge of the factors determining this variation. These may be 
stated as follows: 

1. The amount and toxic quality of the venom injected. 

2. The location and character of the injection. 

3. The age, sex and resisting powers of the patient. 

It will be readily appreciated that these factors influence the out- 
come of a case mainly because on them depends the rapidity and amount 
of venom absorption h\ the system, in proportion to the weight of the 
patient. 

The amount of venom injected in actual cases of snake bite will 
depend largely on the size of the snake, the length of time during which 
its supply of venom has been accumulating, and the perfection with 
which all the muscular acts concerned in the bite are carried out. 

The size of the snake naturally determines the size and capacity of 
the poison glands and their ducts. This is well shown by the figures 
given by Mitchell? who compared the length and weight of three rattle- 
snakes with “the amount in water drops which a single gland in each 
snake was capable of containing.” The findings were as follows: 


No, 1—Length, 18 inches; weight, 914 ounces; capacity of gland, 11 drops. 
capacity of gland, ih drops. 
weight, 3 pounds 2 ounces; capacity of gland 29 


No. 2—Length, 25 inches: weight, 18 ounces; 
No, 3—Length, 491, inches; 
drops. 
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In the introduction to their later publication Mitchell and Reichert 
mention a specimen of C. adamanteus, eight and one-half feet in length, 
which at one bite ejected about one and one-half drams of venom, which 
of course represented the contents of both glands. These brief state- 
ments show conclusively that the chances of a large dose of venom hav- 
ing been injected increase proportionate) with the size of the snake 
causing the injury. 

On the other hand, the amount of venom in the glands of a snake 
of only average size may be greater than the amount in the glands of 
an unusually large reptile which has recently made use of its fangs. The 
exact rate at which the poison is elaborated is not known, but it is un- 
doubtedly a comparatively slow process not at all comparable to the 
secretion of saliva. Mitchell* mentions a rattlesnake fifty-three inches 
in length which ejected about fifteen drops of venom from each fang on 
one day and only one er Two drops on the day following. The preat 
difference in the danger attending a bite by this particular reptile, on 
the two different days, is obvious. 

Certain factors in connection with the perfection of the bite are o| 
the greatest importance. In an absolutely perfect bite, the snake suc- 
ceeds in injecting the full contents of both glands to the depth of the 
full length of the fangs. In many actual cases this degree of perfection 
is not attained. No venom at all may be injected; because of tly 
absence of both active fangs, and the immature condition of the first 
reserve fangs, or because of an insufficient erection of the fangs, causing 
their convexities rather than their points to strike the bitten surface, 
thus bending them back into the animal’s own mouth into which the 
venom harmlessly escapes. When the bite is located on a small member 
like a finger the fangs may straddle the bitten part, or may completely 
perforate it, in either of which events, of course, little or no venom 
would enter the tissues. Any of these conditions may affect only one 
fang, causing the dose of venom to be decreased by one-half. There can 
he no doubt that in many actual cases, the bite is inflicted with only 
one fang. Thus in seven bites inflicted on dogs Mitchell®* found that 
the wound had been made by two fangs in four cases and by only one in 
three cases. Numerous cases are reported in which the wound showed 
the mark of only one fang. Hopkins** reports the case of a child bitten 
three times on the calf, by a copperhead; of the three wounds two were 
caused by one fang only. It is possible, also, that in some cases there 
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may be an escape of venom around the fang instead of through the 
poison canal, because of some inaccuracy in the approximation of the 
duct from the gland and the upper orifice of the poison canal of the 
fang, in which case, of course, the amount of venom would be cor- 
respondingly decreased. 

It will be readily seen that all the factors which have been given 
consideration above affect the prognosis because they have a most direct 
bearing on the dose of poison administered, and therefore, are of the 
greatest importance. Unfortunately the most important point, the 
probable amount of venom in the glands, will be known only in very 
exceptional cases, as when the snake has been for some time in captivity 
and the time elapsing since a previous bite is known. An examination 
of the wound, however, will frequently give a clue as to the perfection 
of the bite and, therefore, some idea as to whether or not the full con- 
tents of both glands could have been injected. In addition, if the 
marks of both fangs are present, the distance separating them gives a 
rough idea of the size of the snake. In cases in which this is known 
more accurately it becomes a most important factor in the prognosis. 

The toxic qualities of the venom injected are, of course, of very 
considerable importance in determining the outcome of a case. These 
vary as has been pointed out, with the species of the snake, but it is 
doubtful if the season of the year determines any increase or decrease 
in the toxicity of the venom, as is frequently seen stated. It must be 
borne in mind, however, that the species not only affects the toxic 
properties of the venom, but to a large measure the size of the snake, 
and therefore the amount of venom injected. For this reason the mor- 
tality following the bites of the pit vipers does not vary with the species 
as might be expected from the relative toxicity of the venom as shown 
for guinea-pigs. In Table 4 are given the findings in 624 cases of snake 
bite in which the species was known more or less definitely. 


Tante 4.—Errect oF Tue Species OF THE SNAKE ix 624 Cases. 


| Number | Number Percentage 
cases. fatal cases. | mortality. 
Rattlesnakes, genus Crotalus..........! 38 6 15.7 
Rattlesnakes, genus Sistrurus 20 0 0 
Rattlesnakes, genus not given 350 42 12 
All rattlesnakes ...... 408 45 
Copperheads 97 | 5 5.1 
Water moccasin bo 9 16.9 
Crotaline snakes, species not given 58 1 
All species ..... 616 63 10.2 
G 75.0 


Coral snakes 
All crotaline snake- 624 69 11.0 
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A more detailed study of these figures is necessary and interesting. 

It is unfortunate that the exact species of rattlesnakes is not more 
frequently mentioned in reporting cases, for practically nothing is 
known concerning the relative toxicity of the venoms of different species 
and some light might be thrown on the subject from practical sources 
if the number of cases were large enough. The small size of the ground 
rattlers as compared with that of the larger species of Crote/us—and it is 
the larger species which are responsible for most of the bites readily 
accounts, however, for the different mortality rates shown in Table 4. 
There can be little doubt that bites by the ground rattlers, particularly 
S. miliarius, are practically never fatal to adult man except, possibly, 
through septic complications, and the species of this genus are our least 
dangerous poisonous snakes. The mortality rate given for all rattle- 
snake cases, 11.7 per cent. is, in my opinion, based on a sufficiently large 
series of cases to he accepted as approximately correct. 

There were five fatalities in the 97 cases of copperhead bite in the 
series, representing a mortality rate of 5.1 per cent. Of the 5 fatal cases, 
2 were in children, both being reported by Kunkler. The first case.®* oc- 
curring in a boy of nine years, received no treatment. The fatal termi- 
nation in the second case, a boy of six vears, was undoubtedly due to sep- 
sis." The remaining three cases were reported to me, two by Dr. C. 
W. R. Crum, of Brunswick, Md., the other by Dr. C. B. Turner, of Blue- 
mont, Va. All the patients were adult males and in every case the amount 
of bad whiskey taken by the patient was considered by the reporter to 
have been a decided factor in the fatal outcome. These facts make it clear 
that the prognosis in copperhead bite is very good, even in children, and 
it is very doubtful if the bite of this specie is ever fatal to adults in 
uncomplicated cases. Such a finding is of interest when the greater 
toxicity of this venom, as compared with that of the rattlesnake, is 
considered, and it is to be explained on the ground of the much smaller 
average size of this species. There seems to be some reason for belie ing 
that the fangs in the copperhead are both absolutely and relatively 
smaller than in the other pit vipers and this fact would, of course, assist 
in explaining the comparatively slight danger of its bite, the injection 
of the venom being more superficial. 

The mortality of 16.9 per cent. in the 53 cases of water moceasin bite 
in the series points at once to the dangerous character of this snake. and 
bears out in a suggestive way the experimental findings in regard to the 
toxicity of its venom. That the mortality is not greater is again due, 


in a large measure, to the question of size. The water moccasin, while 
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averaging much larger than the copperhead, certainly never attains the 
large size of some of the larger species of Crotalus. Ellzey > considers this 
reptile our most dangerous snake, an unenviable distinction which must, 
in my opinion, be accorded to C. adamanteus. Ina large series of cases, 
however, the mortality following moceasin bite would certainly exceed 
that of all rattlesnake bites taken collectively. [It is fortunate that the 
habits and somewhat limited distribution of this species make its bite 
an infrequent occurrence, 

The frightful mortality following the bites of the coral smakes, 75 
per cent., is based on a number of cases entirely too small to be of great 
accuracy, and is undoubtedly excessive, since it exceeds that given for 
cobra bite, 25 to 45 per cent. (Calmette). It serves, however, to 
emphasize the dangerous character of this snake which was long con- 
sidered to be almost harmless to man, and the necessity for its correct 
differentiation from the non-venomous species which simulate its general 
appearance. Being small snakes the dangerous nature of coral snake 
venom, a characteristic colubrine feature, is made evident. 

All those factors in the prognosis which have been considered have 
had to do with the amount and toxic quality of the venom injected. The 
factors contributed by the location and nature of the injection, and the 
resisting powers of the patient now claim attention. 


Taste 5.—Errecr or Location or THE ON Morvratiry IN 347 CASES. 


Number | Number Percentage 
of cases, | fatal cases. mortality. 
Finger | 9.8 
Hand and wrist 7 13 1.0 
Upper extremity, exact location not given " 4 
Upper extremity, total cases 148 25 16.8 
Foot and ankle 123 7 a0 
Lew } 14.5 
Lower extremity, exact location net given 
Lower extremity. 183 16 
Extremity, exact location not given. 4 
toth extremities, total cases 335 11 2:2 
Throat | 0 
Tongue, l 
Sealp. 2 0 
Cheek, 3 3 
Kvebrows. 
Lip. 2 l 
Vulva. 
Penis. 1 0 
Head and trunk, total cases 12 7 58.3 
All loeations, total cases 347 48 | 13.8 


A study of the varying mortality rates for bites on different portions 


of the body, shown in the analysis of 347 cases presented in Table 5, 
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discloses many points of considerable interest. It has long been known 
that bites on the trunk and head are more dangerous than those on the 


extremities, and this is confirmed by the mortality rates given in Table 


5, which are, respectively 58.5 per cent. and 12.2 per cent. The number 


of cases of bites on the head and trunk is so small, that the rate given, 
may well be inaccurate and is probably somewhat excessive. The great 
danger of bites here as compared with those elsewhere is clearly demon- 
strated, however. The reasons for such a difference are to be looked for 
in the greater vascularity of the head and neck, which determines a 
more rapid absorption and an inereased danger of the venom being 
injected directly into a blood vessel, and the difficulty of taking effective 
measures by means of ligatures to localize the venom at the seat of 
injection. It is fortunate that the bite is located on the head or hody in 
such a small number of cases, 3.4 per cent. in the 347 cases in the series. 

The striking difference in the mortality of bites on the upper and 
lower extremities is, so far as my knowledge goes, here pointed out for 
the first time. It will be seen that the rate for the upper extremities, 
16.8 per cent., is practically double that for the lower, 8.7 per cent. The 
difference in the rates for the hand and wrist, and foot and ankle, 19.0 
per cent. and 5.6 per cent. respectively, is even more striking. | Thera- 
peutic measures intended to limit the amount of venom absorption may 
he applied with equal effectiveness to either extremity and the reasons 
for the greatly decreased danger attending bites on the foot and leg 
must be accounted for on other grounds. There can be no doubt that the 
more active circulation of the upper extremity, the greater number and 
prominence of the superticial veins, the vascularity of the thenar and 
hypothenar eminences, and the flat shape of the hand, allowing a firmer 
grasp by the snake, are all of importance, determining, as they do, 
increased rapidity of venom absorption, greater likelihood of intra- 
venous injection, and increased dosage, 

Hifferent observers have stated that bites on the fingers are particu- 
larly dangerous because the fangs are more likely to be driven deeply 
into the tissues. This statement is not borne out by the mortality rate 
of GL cases of such bites, which was 9.8 per cent., the lowest rate for 
any location on the upper extremity. This may be readily accounted for 
by considering the size and shape of the finger, not only making success- 
ful local treatment very easy, but tending to decrease the amount of 
venom injected, because in many cases one or both fangs may fail to 
penetrate at all, passing harmlessly to the side. or may completely 
perforate the member, 

In connection with the effeet of location of the bite on prognosis 


| 


é 
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the observations of Rinn® in his exhaustive thesis entitled, Le Venin 
des Viperes Francaises,” are of interest. Translated, he says: ~ Con 
sidered from the viewpoint of the influence of the location of the bite, 
our observations give the following results: 


Place bitten. — Fatalities. mortality. 
Fingers ..... 11 l 9.0 
Webs between fingers 3 l 33.0 
Foot, maleolus and leg s 3 36.0 
Breast, forehead, abdomen | 3 3 100.0 


“Bites on the fingers are perhaps the most benign because it is very 
easy to express the venom by suction and pressure.” 

That the age of the patient would have a marked influence on the 
mortality might be expected, since the dose of venom per kilo of body 
weight is of course greater in reverse ratio to the weight of the patient. 
In Table 6 the mortality in 129 cases of snake bite in children is given, 
The figures here presented are of ver considerable interest, but require 
no further elucidation. 


TaBLe 6 Morratiry or 129 Cases IN CHILDREN, 


Age of patients, Number Number mortality. 

cases, fatal cases. Percentage 
Children 1 to 5 years, inclusive ‘ 23 6 26.0 
Children 6 to 10 years, inclusive 36 6 16.6 
Children to 15 vears, inelusive 9.8 
Children, exact age not given 9 7 36.8 
Total number of cases in’ children 129 24 18.6 


A study of the 372 cases in which the sex of the patient is mentioned, 
with the idea of determining what if any influence sex has on the 
mortality, has given results which are accounted for with some difficulty. 
Thus there were 49 fatalities among 277 cases in male patients, repre- 
senting a mortality of 17.4 per cent., and 10 fatalities among 95 cases 
in female patients, a mortality of 10.5 per cent. Common sense teaches 
that resistance to venom intoxications must be approximately equal in 
the sexes, kilo for kilo of body weight, and this being accepted as true 
a lower mortality among male patients would naturally be expected. 
The findings as given must be accounted for on other grounds, there- 
fore, or accepted as tending to show unreliability in all the statisties 
presented. In my opinion, several factors may reasonably be advanced 


; 60. Rinn, P.: Le venin des vipéres francaises, Diss, Faculté de médecine de 
Naney, 1905-06, p. 90. 
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as tending to account for the discrepancy. Thus a fatal termination 
following bites inflicted by snakes in captivity is very frequent and 
although a considerable number of such cases are reported only two 
patients were females, and of these one died. Of the six fatal coral 
snake cases four patients were males and in two the sex was not stated. 
The two cases which recovered were males. Finally, it is reasonable to 
suppose that bites in women would be inflicted more frequently through 
the clothing, and under such circumstances as regards proximity to 
civilization, ete., as to render likely the small size of the snake and the 
availability of appropriate treatment. 

The nature of the injection is a factor which plays a most important 
part in determining the outcome of cases. In the great majority of 
instances the injection is into the subcutaneous areolar tissues. In a 
few cases, however, the venom from one or both fangs is discharved 
directly into the blood stream. Such occurrences, although rarely recog- 
nized, are probably partly responsible, as has been pointed out, for the 
large mortality of bites around the head and neck or on the upper 
extremity, and such a mode of injection may well have been responsible 
for some of the very rapid deaths already discussed. In only two cases 
in the series was there definite evidence pointing towards an intravenous 
injection of venom, One of these is the case reported by Post® and 
the other is a case mentioned in a personal letter from Dr. John Fitz- 
simon, of Castroville, Texas. The patient was bitten on the wrist. “on 


a vein,” and died within two hours. 


TREATMENT. 

A rational and effective treatment of snake bite is to be arrived at 
only by keeping constantly in mind the clinical nature of the poison, 
the nature of the pathologic changes induced by it, and the mode of its 
administration, It may be stated in the beginning that the majority 
of patients will undoubtedly recover without any treatment, for the 
simple reason that the amount of venom injected is not a fatal dose. In 
individuals who have received an amount of venom equalling or exceed- 
ing the fatal dose, the rendering of any material aid to the patient is a 
most difficult matter, requiring very nice judgment and discrimination. 
In snake poisoning as in many other conditions, the mere length of the 
list of drugs and other therapeutic procedures recommended as specifics 
in the treatment of these cases is proof positive of their utter worth- 
lessness in most instances, and a consideration of most of these pro- 
cedures would be of no interest save for the light it might shed on the 


G1. See Case 4, Table 2 
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ever present tendency of the medical mind to render to its own. skill 
and ability that homage which, all too often, belongs to Nature. Indeed, 
the list of remedies which have been used in cases of snake bite, includes 
almost everything conceivable, from Caimette’s antivenomous serum to 
local applications of cloths saturated with urine, or poultices made by 
splitting open living chickens, 

It is customary to take up the consideration of the treatment of 
snake poisoning under the two general headings of local and general or 
systemic treatment. Such a classification of the subject is at least 
open to the criticism that it tends te inculcate the belief that there is a 
veneral or systemic treatment, a belief. which so far as the efficacy of 
any of the means ordinarily employed is concerned, is open to serious 
doubt. Nevertheless, this division will be followed here, if for no other 
reason than to emphasize the overwhelming importance of the local 
treatment. For there can be no doubt that the main therapeutic indica- 
tion is the prevention of the svstemic absorption of a fatal dose of venom 
from the amount, be it large or small, contained in the tissues imme- 
diately around the wound, and if this cannot be met the outlook for the 
patient, no matter what line of general treatment is employed, becomes 
exceedingly grave. The limitation and retardation of absorption, by 
ligatures and other means, and the removal or destruction of the in- 
jected venom, are thus the objects of all local treatment. 

The absolute prevention of all absorption is probably impossible, 
Experiments on rats have demonstrated that the animals would die 
following venom inoculation at the end of the tail, even when this 
member was amputated within one minute. The control of the cir- 
culation in the bitten part, necessary to prevent absorption may be 
effected by the use of local freezing mixtures or ligatures. Of these the 
former may be dismissed with brief mention. The ethylehlorid spray 
has been used and recommended in this country by Crum*? in con- 
junction with the use of ligatures and potassium permanganate. Aside 
from its anesthetic action, [ doubt whether it would bring the cireula- 
tion to a standstill to a sufficient depth to be of much value in cases in 
Which the fangs had penetrated to any great degree and unless kept on 
hand with an eve toe its use in just such emergencies it is a drug which 
would be rarely obtained under the conditions usually existing where 
cases of snake bite are most likely to occur. On the other hand, in bites 
on the head and hody, the use of some such procedure is almost the only 
means at our command. Ligatures, however, are always easily impro- 


vised and, since the great majority of bites are on the extremities, easy 
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of application. Indeed so important are they in the management of 
these cases, that a detailed consideration of their use becomes necessary. 

The amount of good to be gained by the use of ligatures will depend 
largely on the length of time elapsing between the receipt of the injury 
and the beginning of treatment. In cases seen early the complete 
control of the circulation during the preparation for the other local 
treatment, is certainly indicated. This is best accomplished by the 
use of a series of ligatures between the bite and the heart, at least one 
of which should be applied to that segment of the limb containing one 
bone. The danger of this treatment, if long continued, even with per- 
feetly normal tissues, should be borne in mind, together with the 
devitalizing local action of crotaline venoms, and the ligatures partiall) 
relaxed as soon as practicable. There can be no doubt that many of 
the cases of extensive local gangrene, following snake bite, should be 
attributed as much to the prolonged ligation as to the necrotic activity 
of the venom. In eases seen first after some little time has elapsed, the 
local swelling being marked and constitutional symptoms already in 
evidence, complete control of the cireulation is of doubtful utilitv. On 
the other hand, ligatures so applied as to impede the return flow of 
blood and lymph, render absorption more gradual, prevent the complete 
overwhelming of the svstem by large doses of venom, rapidly absorbed, 
and vet do not add greatly to the danger of extensive local necrosis. 
Ligatures applied in this wa\ should replace those completely stopping 
all cireulation, as soon as practicable. It is impossible to lay down 
fixed rules in regard to the time of heginning the removal of the liga- 
tures and the rapidity with which it should be accomplished: this must 
he governed by the conditions present in each case. The greatest caution 
is necessary, however, for in several cases the fatal termination has been 
attributed to too sudden removal of all impediment to absorption, per- 
mitting a large amount of venom to gain access to the general circula- 
tion. It is probably safest to begin by intermittently relaxing the liga- 
ture nearest the heart. letting it become looser and looser until it. is 
entirely removed. The other ligatures may then be taken off in. the 
same manner. 

It is obvious that, having absolutely controled, or at least limited 
the rapidity of venom absorption by the means just considered, it next 
becomes necessary to eliminate or destroy as much of the injected 
venom as possible, Here we may consider separately the various pro- 


cedures aiming at the absolute removal of the venom, and those aiming 


at its destruction in situ. 
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Amputation of a bitten limb immediately following the receipt of 
the injury, or even after a considerable interval if tight ligation had 
been practiced, would undoubtedly rid the system of the necessity of 
coping with the larger portion of the injected poison. Such a procedure 
would be justified and probably often life-saving in those cases in which 
the whole contents of both poison glands of a large snake have been 
injected the full depth of the fangs, particularly if the lesion were in 
the fleshy part of the hand or on the forearm or calf of the leg. Un- 
fortunately it is only under the most exceptional circumstances that 
any idea as to the amount of venom injected can be obtained. For this 
reason primary amputation of a large limb will probably be rarely if 
ever resorted to and I know of no case in which it has been done. On 
the other hand, the removal of a toe would seem to be entirely justified 
if it could be done immediately following the injury, or later, if there 
were reason to suppose most of the injected venom had been confined by 
ligation. Even in the case of a finger, amputation should certainly be 
considered under similar circumstances, in any case in which the species 
or size of the snake or nature of the wound made a guarded prognosis 
advisable. As has been pointed out previously, bites on the finger are 
likely to be followed by ankylosis of the joints, contractures of the 
tendons, or both, resulting in an amount of deformity greatly impair- 
ing the usefulness of the member, and little hesitancy should be felt in 
removing the part if the seriousness of the case seems to demand it. 

Immediate amputation having been decided against, the correet 
surgical treatment of the wound becomes of the utmost importance. 
Deep excision of the bitten area if sufficiently prompt and radical, 
probably removes the major portion of the poison. In many locations, 
however, this treatment is impossible, and cases are seldom seen early 
enough to render it sufficiently valuable to compensate for its obvious 
disadvantages. The amount of venom removed by labial suction is 
probably excessively small, because it is very doubtful if the fang pune- 
tures remain patent. Suction following free incision, on the other 
hand, may be reasonably supposed to facilitate the escape of venom, if 
the treatment is instituted immediately. Later, after the diffusion of the 
venom in the tissues, little can be hoped from such a procedure, and the 
increased danger of infection attending it should contraindicate its 
employment. The most usual surgical treatment of these cases has been 
to make two deep incisions through the fang punctures with the idea of 
allowing the escape of some venom and in order to bring into more 


intimate contact with the remainder, the drugs used in the attempt at 


its chemical destruction. As recently pointed out by Martin and Lamb,? 
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ideal treatment requires more than this. The direction of the fang 
wounds is unknown, the skin may have been pushed or pulled some 
distance out of its normal position before the fangs penetrated the 
subcutaneous tissues, or the muscles. when penetrated, may have been 
in an entirely different position from that present when the wound 
comes under examination. Because of these facts. the writers mentioned 
recommend a careful and extensive dissection of the wound. In my 
opinion, the amount of benefit to be derived from these or any other 
local measures aiming at allowing the escape of the venom will depend 
on the degree to which the venom has been taken up by and become 
diffused through the tissues, which of course will depend on the length 
of time elapsing before treatment is begun. Most cases of snake bite 
are first seen by the physician after an hour or more of more or less 
complete ligation, with the portion of the limb distal to the ligature 
already considerably swollen and discolored. Under suc h circumstances, 
a dissection of the wound. and even free multiple incisions throughout 
the swollen area, together with such measures as kneading and massaging 
the part, and its immersion in warm, mild antiseptic solutions, to promote 
hemorrhage and the escape of serum, offer the greatest likelihood of 
eliminating most venom. While it is very unlikely that the amount 
of venom gotten rid of in this manner would be very large, it might, 
in doubtful cases, be just enough to turn the scale in favor of the 
patient. In this connection, however. it should be remembered that 
such radical treatment is not without danger, predisposing as it must 
to infection, and leaving as an aftermath scars, cicatricial contractures, 
ete. For these reasons it would hardly be justified in cases in. which 
the size and species of the snake or the location and character of the 
bite, point towards a favorable prognosis. As stated previously l feel 
that the rendering of material aid to patients who are really in danger 
from snake poisoning is a matter requiring the nicest judgment and 
discrimination which may best be exercised with a thorough under- 
standing of the different points already considered under mortality and 
prognosis. 

In regard to the chemical destruction or neutralization of the 
venom, it must be emphasized to begin with, that this is only possible in 
the tissues around the wound, and that it is impossible in anv way to 
affect the venom itself once it passes into the general circulation, eave 
by the use of specific antisera. Obvious as this is from the very nature 
of the poison, one still reads reports of cases in which various drugs 
are given hypodermically or by mouth, not as stimulants, but with the 


idea of acting directly on the venom. Among the drugs which have 
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the undoubted power to destroy or very materially decrease the toxicity 
of snake venoms if brought in contact with them in a sufficient degree 
of concentration, potassium permanganate has attained the most wide- 
spread use. The use of this drug has been especially championed by 
Brunton and Faver,.“? who recommend that the pure erystals be rubbed 
into incisions made through the fang punctures. Others use a 1 to 100 
solution injected deeply into the tissues around the bite. Most observers 
lelieve that the use of potassium permanganate is attended with a 
diminished mortality. In company with others, however, MceFarland*’ 
has little faith in it, and advocates the hypodermic use of a 10 per cent. 
fresh watery solution of chlorid of calcium. Solutions of iodin and 
potassium iodid, of chlorid of gold, and of chromic acid, have all been 
recommended in this connection. Much that has been said in regard 
to the abstraction of venom from the tissues will apply with equal 
force to the use of any of these various chemicals. The question of. their 
efficacy does not hinge on their power favorably to alter the poison, 
which is unquestioned, but on being able to get them in contact with it 
in a sufficient degree of concentration. Their use promptly after the 
bite, preferably through a free dissection of the bitten part, will un- 
doubted|y destroy some of the venom, and Iny just so much affect the 
outcome of the case favorably. Their use later, in cases as usually first 
seen, probably destrovs so little of the poison, as to make it a procedure 
of very doubtful expediency, 

In coneluding the consideration of the local treatment it is necessar\ 
to emphasize the great importance of the application of the principles of 
aseptic and antiseptic surgery to these cases: The great predisposition 
te local infection and the important part plaved by it in causing death, 
have been already pointed out, and the taking of proper precautions to 
vuard against its occurrence becomes a matter of prime necessity. Once 
present, infection, or any other local complication, as gangrene, should 
he treated along general surgical lines. That amputation may occa- 
sionally be necessary in these cases, has already been mentioned in 
considering the complication, A degree of local swelling endangering 
the Vitality of the skin is probably best treated by free incision, 

It now remains to be seen how much can be dene in the way of 
aiding the system at large in its effort to evercome the venom absorbed 
from the local focus. The condition to be treated is essentially a 


toxemia, and the various symptoms observed are due to the manifold 


62. Brunton, Fayer and Rogers: A Method of Preventing Death from Snake 
bite, Capable of Common and Easy Practical Application, Proc, Roy, Soec., Lond., 
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activities of the various toxic principles contained in the circulating 
poison. Looking at the matter from a broad general view point the 
therapeutic indications are perfectly obvious, namely : 

1. To destroy the source of the poison, 

2. To destroy or neutralize the poison already in the circulation. 

3. To aid in and to stimulate its elimination. 

!. ‘To support the patient. 

All that can be successfully accomplished in the way of eliminating 
the source of supply of the poison has already been considered: indeed 
this is the sole object of all the local treatment. The actual destruction 
or neutralization of the venom already absorbed is, from the very nature 
of things, Impossible save by the use of specific antisera. This ideal 
treatment will be given the separate consideration which its importance 
renders necessary. In regard to the general or non-specific treatment, 
then, there remains to be considered only the means at our disposal to 
meet the third and fourth indications enumerated above. 

So little is known concerning the fate of venom in the body that it 
is rather difficult to take up intelligently the subject of its elimination. 
It has been asserted that some of the venom Is excreted by the gastric 
mucosa, and to prevent reabsorption its removal by gastric lavage has 
heen recommended. The experiments made to determine the LONICITA of 
venom administered I mouth indicate so clearly its almost complete 
harmlessness when taken in this way, that stomach washing would seem 
to be worse than useless. Whatever poison is excreted in this manner is 
probably promptly destroved by the digestive secretions. The kidneys. 
: skin. and bowels should, of course. be kept properly functionating, pre- 
ferably by a free gratification of the thirst often present, or by the use 


of physiologic salt solution, which will be considered later. 

The general support of the patient during the period of absolute 
collapse so characteristic of venom intoxication, is of the utmost im- 
portance. Here common sense, and a knowledge of the ordinary means 


used in combating such a condition when clue to more frequent CHUSses, 


will be of greatest value. The patient should of course be kept quiet 
and warm, in the reclining posture with the head low, and. artificial 
heat applied to the extremities, 

Of the long list of stimulants urged on the profession at various 
‘ times as being of service in this condition, but three need be mentioned 
specifically. These are alcohol, strvchnin, and ammonia. Alcohol, as 
ordinarily used, is much worse than useless. Reflection on the subject 


fails to show any ground on which a claim that it is in any sense anti- 


dotal to or destructive of snake venom, may be based. When used in 
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the enormous doses so often referred to in the literature there can be no 
doubt that aleohol poisoning is added to venom poisoning, and the 
system taxed just so much the more. More patients have recovered in 
spite of its use, than because of it. It is well worthy of note of the 78 
fatalities in the series of collected cases, four, or over 5 per cent.. were 
attributed by the attending physician to the excessive use of alcohol. 
In a case reported to me by Dr. Fitzsimon, a bey of three vears had 
heen given, before being seen by a physician, over a pint of whisky. 
The patient died in convulsions. Stryehnin has been warmly advocated 
by Mueller of Australia, and condemned with equal warmth by many 
observers. It has been used considerably in India and Australia in 
cases of colubrine poisoning, in which the decided primary depression 
of the respiratory center would seem to indicate its use, if at all. Never- 
theless 113 patients treated with stryehnin gave a mortality of 13.2. per 
cent. and 313 without it a mortality of 4.1 per cent. (Huxtable). 
Animal experimentation has also shown only bad effects from its use 
(Noguchi). On theoretical grounds, it would seem to be much less 
strongly indicated in crotaline than in colubrine poisoning, and its value, 
and that of ammonia also, in treating the bites of American snakes, 
may be considered to be decidedly dubious, 

In regard to the whole subject of stimulation, it must be remembered 
that the condition of both circulation and respiration in these cases is, 
in the main, due to the direct activity of the venom on the vasomotor 
and to a less degree on the respiratory centers, and that this action, 
from the beginning, is probably much more than a mere functional 
depression. What we have to deal with in all probability are definite 
changes in the make up of the nerve cells; changes of a cytolytic nature 
which can be demonstrated microscopically when death has not been 
too rapid. Under these circumstances the writer can see little hope 
of much benetit to be derived from the exhibitions of stimulants. 

The conclusions of Rogers* as a result of his study of several 
viperine venoms, including that of the rattlesnake, have already been 
mentioned in considering the various toxic actions of venom. Briefly 
these are that, clinically, the most important toxic activity of rattle- 
snake venom is its profound lowering of blood pressure, to a point 
where the weakened respiratory center fails to act and death results, 
and that this result is due to the direct action of the venom on the 
vasomotor center, determining a dilatation and engorgement of the 
portal system. The investigations of Mitchell and Reichert® demon- 
strated the occurrence of this fall of blood pressure in experimental 


poisoning with rattlesnake, copperhead, and water moccasin venoms. 
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Nowhere are there experimental findings of more practical importance 
than in this country, and the simple therapeutic procedures recom- 
mended by Rogers as a result of them, are worthy of a thorough trial 
hy those who have cases of crotaline poisoning to treat. For it is 
obvious that if the circulation can be maintained by increasing blood 
pressure, the danger of secondary respiratory failure is greatly decreased 
and the patient mia be tided over the crucial point of the disease. The 
mechanical means advocated in attaining this end, tight bandaging of 
the limbs and abdominal compression by means of a binder, have not 
been tried clinically. Menger,™* however, argued for the use of adrena- 
lin, on theoretical grounds, in 1903; in 1905 he** reported a case of 
water moceasin bite successfully treated by the combined use of potas- 
sium permanganate and adrenalin. Hooker®® has reported a case of 
rattlesnake bite in a boy of ten vears treated with adrenalin and salt 


‘ 


solution. The patient made a rapid recovery. Lewis" has reported a 
fatal case of rattlesnake bite in a boy of fourteen vears in’ which 
adrenalin was used in conjunction with strvehnin and ammonia. The 
well-known action of adrenalin on blood pressure, and the way in which 
it is brought about, by a direct action on the muscular fibers of the 
vessel walls, would certainly seem to point to its being of value in these 
cases, and its administration would at least appear to rest on a much 
sounder basis than does indiscriminate stimulation with alcohol and 
strvchnin, now so much in vogue, 

Another drug, which on theoretical grounds appears to be worthy of 
an extended trial, is physiologic salt solution. Its use has been advp- 
cated by Hooker,“* who points out that its action is threefold, stimulat- 
ing the heart, stimulating elimination by the kidneys, and diluting the 
poison. In severe cases the administration of salt solution by intra- 
venous injection would seem to be strongly indicated and in cases of 
less severity its use by enteroclysis or hypodermoclysis could, to sa\ the 
least, do no harm. The solution may be impregnated with oxvgen, 

Artificial respiration has been found experimentally te be by no 
means the life-saving process in cases of viperine poisoning which it 
undoubtedly is in colubrine poisoning (Rogers). In fatal cases of 
rattlesnake poisoning the cireulation usually comes to a standstill 

63. Menger, R.: The Rational Treatment of Snake-bite and Others with Adre 
nalin Chlorid, Texas Med, Jour., Austin, 1902-03, xviii, 445. 

64. Menger, R.: Moccasin-Bite Treated with Adrenalin Chlorid Solution, Texas 
Med. Jour., Austin, 1904-05, xx, 263, 

65. Hooker, J. D.: A Case of Snake-Bite Treated with Adrenalin Chlorid Solu 
tion, Texas Med, Jour., Austin, 1903-04, xix, 87, 
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before the cessation of respiration”? The greater tendency of the 
ancistroden venoms, both copperhead and water moccasin, to attack 
primarily the respiratory center has been pointed out, and in’ severe 
polsonings by the bite of either of these snakes, or of a coral snake, 
artificial respiration might well prove to be life saving. Such was cer- 
tainly the case in the copperhead poisoning reported by Crum.*? to which 
reference has been made, and this means of treatment should certainly 
be faithfully emploved so long as the heart continues to beat. 

In concluding the consideration of the treatment of snake poisoning 
in the United States, there remains to be discussed the use of anti- 
sera. Tt is net my intention to enter at all deeply inte this subject, and 
readers particularly interested are referred to the exhaustive consideration 
of it by Martin and Lamb.? These authors have pointed out that “anti- 
venomous serums are highly, but not strictly specific.” which means that 
in order te attain anything like satisfactory therapeutie results, the 
antivenomous serum used in combating a case of snake poisoning must 
have been prepared by using the venom of the particular species of snake 
inflicting the bite. From this it follows that an antivenomous serum 
to be of any practical value in the United States must have been 
obtained from animals immunized against crotaline venoms. No such 
serum is obtainable commercially. Noguchi has prepared sera’ with 
marked antitoxie properties against rattlesnake and moccasin venoms, but 
only on an experimental seale. It is obvious, then, that such a thing 
as the serum treatment of snake poisoning, so far as this country is 
concerned, simply does not exist. 

Nor is it likely that it ever will. The difficulties in obtaining a 
sufficiently large supply of venom to render possible the production on 
a commercial seale, of an antivenene, could only be obviated by breeding 
large numbers of snakes in captivity, and even with a large and continu- 
ous supply of venoms there would still remain to be overcome the dif- 
ficulties pointed out by MeFarland,’ the severe local reaction and 
likelihood of infection in the animals used, Having succeeded in over- 
coming all these difficulties the value of a serum so prepared even if it 
could be made polyvalent, ie.. protective against all of the three pit 
viper venoms, would be dubious, unless it could be made more potent 
than Calmette’s serum. As pointed out by Martin and Lamb? this 
serum in doses of 1 c.c. protects a guinea-pig against only 10 minimum 
lethal doses of the cobra venom while the same amount of diphtheria 
antitoxin protects against 100,000 minimum lethal doses of the toxin, 


and an equal amount of tetanus antitexin against 200.000) minimum 


See Case 10. Table 2 
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lethal doses of the tetanus toxin, It is doubtful, finally, if the morbidity , 
and mortality from snake bite in the United States will ever demand fis 
the preparation of an effective antivenomous serum. Such reasoning, 
however, certainly docs not apply to India, with an annual number of 
deaths from this cause amounting to about 20,000, 
GENERAL SUMMARY AND CONCLUSION, 

I wish to Jay special stress and emphasis on the following points 

which L hope have been brought out in this article: j 


l. Technically speaking it is correct to say that there are over 
tw uty species of poisonous snakes found in the United States, but it is 
decidedly less misleading, at least from the view-point of the physician 
and therefore in medical literature, to place the number at four, the 
coral snake, the rattlesmakes, the copperhead, and the southern water 
moccasin, qualifving this with the statement that two species of coral 
snakes and several of rattlesnakes are recognized by herpetologists. 

2. These snakes are all found together only in the group of states 
roughly indicated as extending from mid Texas to the Carolinas, inclu- 
sive, the remainder of the country harboring at most not more than 
two of the four mentioned. 

3. The presence of a pit between the eve and nostril, on the side of 
the face, or of undivided ventral scales on the tail immediately stamp a 
snake as dangerous, and the absence of these points indicates the harmless 
character of any snake in the United States, with the single exception 
of the gaudily colored coral snakes, contined entirely to the southern 
states. 

!. While it is impossible to state the morbidity from snake bite in 
the United States, it is undoubtedly excessively small, and over 99 per 
cent. of it is due to the erotaline snakes, or pit: vipers. 

5. The most Important complications of snake bite are sepsis and 
acute alcoholism, probably respectively responsible for about LO per cent. 

and 5 per cent. of the fatalities. 

6. The mortality of all cases is 10 per cent., that from the different 
species being as follows: Coral snakes, probably from 25 to 50 per cent. ; 
water moccasins, 17 per cent.: large species of rattlesnakes, 11 or 12 
per cent. ; copperhead and ground rattlers, nil in uncomplicated cuses 
in adults up to about 5 per cent. when all cases are included. 

7. Bites on the head and trunk are much more dangerous than those 


on the extremities, and those on the upper extremity at least twice as 


dangerous as those on the lower. 


SVAAK POISONING IN THE UNITED STATES. 


8. The mortality in children under ten vears of age is at. least 
double that in adults, 

%. The local treatment, having for its object the limiting of venom 
absorption, is of the greatest importance ; in order to be effective it must 
be both prompt and radical; in all surgical procedures around the 
wound, special precautions must be taken against infection. 

10. The ideal constitutional treatment by means of antisera is now 
absolutely impracticable and, therefore, little can be done other than 
keeping the patient quiet and warm: the administration of adrenalin 
and salt solution; the use of such mechanical means as bandaging. 
abdominal compression, and posture to keep up the blood pressure and 
circulation in the vital centers; and the institution of artificial respira- 
tion when indicated. 

In conclusion I wish to express my keen appreciation of the kind- 
ness of those physicians and others too numerous to mention who have 
aided me in my endeavor to collect a sufficiently large number of cases 
to make the statistics based thereon of some value. It is a verv keen 
pleasure to me to make the following specific acknowledgments: To 
Dr. George Tully Vaughan and Dr. George M. Kober for most valuable 
advice and encouragement. To Dr. I. W. Blackburn for his great kind- 
hess In superintending the making of, and for retouching, the negatives 
of Figures 5 and 6; the great clearness and accuracy of these figures is 
due entirely to Dr. Blackburn, and to Mr. Keefer, the photographer at 
the Government Hospital for the Insane, Washington, D.C. To Dr. 
William Hough for aid in making the dissections shown in Figures 5 
and 6. And finally to the authorities of the U.S. National Museum. 
for the negative used in Figure 4, for the permission to make use of 
Figures 1 and 2, and for the specimen of Crotalus adamanteus used in 


making the dissections mentioned, 


Twentieth Street and Florida Avenuc 


THE NATURE OF SHOCK.* 


Ss. J. MELTZER, M.D. 


NEW YORK, 


In the clinical literature, shock designates a group of grave syvinp- 
toms which frequently lead to the death of the individual. At the post- 
mortem examination no anatomic changes can be detected which would 
account for death and the grave symptoms preceding it. The fatal dis- 
turbance underlying the phenomenon of shock is, then, exclusively of a 
functional nature. From a purely scientific point of view, shock is, 
therefore, a subject pre-eminently belonging to the domain of pathologic 
physiology. It should be mentioned that the term shock employed in 
normal physiology is not identical with the syndrome in which we are 
interested here. The shock of the physiologists refers to the depression 
and suppression of spinal reflexes brought about by a direct injury to 
the cord. We shall not stop here to discuss the possibility of a common 
ground for both forms of shock. We wish, on the contrary, to point out 
one strikingly distinguishing feature: physiologic shock is practically 
hot progressive; on the contrary, as a rule, it is fairly rapidly regres- 
sive. Clinical shock is, as a rule, progressive, although, as we shall see, 
it is not invariably fatal. 

In selecting the discussion of the nature of clinical shock as the 
subject of my present address, it is chiefly my intention to record some 
experimental facts which we obtained in the course of various series of 
investigations and which may have some bearing on the interpretation 
of clinical shock. 

As an introduction to this report, however, it will be necessary to 
dwell briefly on the clinical facts of our syndrome and also to review 
briefly the theories as to the nature of shock now in vogue and _ the 
experimental facts on which they are based. As to the clinical picture of 
shock I could not do better than to quote the description of a concrete 
case of shock as lucidly given by Fischer’ nearly forty vears ago: 

A strong and perfectly healthy young man was struck in the abdomen by the 
pole of a carriage drawn by runaway horses. No recognizable injury was done 
to any of the internal organs. Nevertheless, grave symptoms made their appeai 
ance immediately after the accident. The injured man was lying perfectly quiet 
and paid no attention to anything going on around him. His face was drawn and 


‘ Address delivered at the Academy of Medicine of Toronto, April 7, 1908. 
1. Fischer, H.: Sammi. klin, Vortr., 1870, No, 10, p. 119. 
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peculiarly elongated, the forehead wrinkled and the nostrils dilated. His weary, 
lustreless eves were deeply sunk in their sockets, half covered by the drooping 
eyelids and surrounded by broad rings. The pupils were dilated and reacted 
sluggishly to light. The eyes had a glassy and vacant expression. The skin and 
the visible mucous membranes had a marblelike pallor. Large drops of sweat 
hung on forehead and eyebrows. The rectal temperature was subnormal. The 
sensibility of the entire body was greatly reduced; the patient reacted slightly 
and only to very painful impressions. No spontaneous movements of any sort 
were made by the patient. On repeated and urgent requests he showed that he 
could execute limited, brief movements with his extremities. When the limbs 
were lifted passively and then let go, they fell down like dead. The sphincters 
were intact. The urine obtained by catheter was scanty and concentrated, but 
otherwise normal. The almost imperceptible pulse was rapid, irregular and un- 
equal. The arteries were narrow and of very low tension. The patient answered 
slowly, reluctantly, and only after repeated urgent questioning. His voice was 
hoarse and weak, but well articulated. On being repeatedly questioned, the 
patient complained of cold, faintness and deadness of all parts of the body. 
When he shut his eyes he felt nauseated and dizzy. The respirations appeared 
irregular; long, abnormally deep, sighing inspirations interchanged with rapid 
and superficial ones, which were scarcely visible or audible. 

Recapitulating briefly, the essential symptoms of this typical case of 
traumatic shock consisted of general profound apathy, reduced sensi- 
bility, extreme motor weakness, great pallor, very rapid, small pulse, 
thready and soft arteries, irregular gasping respirations and subnormal 
temperature. 

Fischer does not state the subsequent fate of that patient. 

Shock brought on by a blow on the abdomen has often had a rapidly 
fatal termination. This is graphically illustrated by the following in- 
stances given by Sir Astley Cooper :* 

A man walking through Fleet street (London) one day, happened to quarrel 
with a woman, when another man came up and gave him a blow in the region of 
the stomach, which caused almost instantaneous death. On dissection, no cause 
could be found te account for his sudden death. 

A man belonging to the India House was attempting to lift a weight, when 
another came up and jocosely said, “Here, stand on one side and let an able man 
attempt it,” and at the same time gave him a slight blow on the stomach, when 
the poor fellow dropped down and expired. His body, on being opened, showed no 
marks of violence. 

Similar rapid fatal terminations from shock are reported from 
injuries to the testicles. John Hunter* is stated to “have seen a man die 
almost immediately on the loss of a testicle.” Fischer* tells that he has 
seen a strong man dying of shock a few hours after he was bitten in the 
testicle by a wild horse. However, there are some cases with all the 


symptoms of profound shock which, nevertheless, recover completely. 


2. Cooper, Sir Astley: Lectures on Surgery, 1830, p. 9. 
3. Hunter, John, quoted by Morris: Shock, London, 1867, p. 13. 
4. Fischer, H.: Samml. klin. Vortr., 1890, No. 10, p. 119. 
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Travers.” who probably was the first surgical author to use the term 
shock with the precise meaning attached to it now, writes: 

Again and again I have left the bedside of patients brought into the hospital 
pulseless and apparently moribund without any external injury, having suffered 
falls or blows so serious as to have induced the symptoms of prostration to an 
alarming extent, and have found them on the succeeding day, to my great sur 
prise, restored to the tone and tranquility of normal health. 


The shock described in the foregoing instances is generally desig- 
nated as traumatic shock. It is characterized by sudden onset and rapid 
development of the symptoms following immediately on an injury more 
or less violently and -rapidly executed. In recent literature we fre- 
‘quently meet with the term “surgical shock,” which has reference to 
the condition of shock which develops in the course of a surgical opera- 
tion or soon after it. It occurs most frequently in abdominal and brain 
operations. It differs from traumatic shock only in its slower develop- 
ment, although most of the recent writers have dwelt in their deserip- 
tion specially on the behavior of the heart and the blood pressure. Possi- 
bly the pathologic state preceding the operation, the anesthesia and the 
loss of blood combine to obscure the sharp outlines of shock as seen in 
purely traumatic cases, 

As to the theories, the earlier writers spoke in a vague way of the 
central nervous system as being the seat of the affection. Cases of shock 
produced by mental terror without any physical injury gave support to 
such a view. It was assumed that a strong emotion, as well as a physical 
commotion, caused some sort of profound molecular changes in the 
brain, 

The first well-defined theory was brought forward by Fischer,* who 
founded it on the well-known experiments of Goltz. Repeated strokes 
on the abdomen of a frog causes stand-still of the heart and paralysis 
of the arteries and the veins of the abdominal cavity, which is brought 
about by reflex paths. Fischer assumed then that traumatic shock con- 
sists of a vasomotor paralysis, especially of the splanchnic area, where 
the bulk of the body's blood is accumulated, with a consequent anemia 
in other parts. Shock was a hemorrhage into the body's own large veins. 
According to Fischer, the vascular disturbance was the primary cause, 
all other symptoms were secondary phenomena due to the consequent 
anemia of the peripheral parts. 

Another theory was that of Groeningen,? who assumed that all the 
nerve centers were equally affected, not by paralysis. but by exhaustion 


5. Travers: Inquiry Concerning Constitutional Irritation, London, 1827. 
6. Fischer H.: Samml. klin. Vortr., 1890, No. 10, p. 110. 
7. Groeningen, quoted by Warren: Surgical Pathology. 
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brought on by the traumatic over-stimulation. Mansell Moullin is ered- 
ited by Warren® with the theory that the various nerve centers of the 
body were not exhausted, but inhibited. 

These and some other theories were simply construed at the writing 
desk of their authors. It is only within the last decade that more or less 
efficient attempts were made to study the nature of shock by the experi- 
mental method. As far as I can see, the experimentation led up only to 
a study of surgical shock; that is, to a shock which developed gradually, 
similar to that occurring in surgical practice, and there are no reports 
of experiments in which shock developed as rapidly as in the traumatic 
cases. 

‘The most extensive series of experimental work on the problem of 
shock was carried out by George W. Crile. The protocols of the experi- 
ments and the conclusions drawn from them are published in two large 
monographs.” The experiments were made on dogs while under ether 
anesthesia. The various tissues, like skin, muscle, nerve, bone, ete., in 
the various parts of the body: head, neck, thorax, abdomen, extremities, 
ete, were subjected to various strong mechanical irritations, to burning 
and to electric stimulations, with a view to study their effeets on 
blood pressure and on the production of shock. The effects of these 
Various stimulations on respiration and cardiac activity were also studied 
but less extensively. The chief facts reported by Crile are as follows: 

Strong irritations, like cutting, tearing, burning the skin all over the body. 
except over the abdomen and testicles, and of the sensory nerve trunks cause, 
as a rule, a more or less strong rise of blood pressure during the stimulation. 
Cutting the skin over the abdomen or over the testicles causes as a rule a fall 
of blood pressure. Opening the abdomen, exposing and handling the intestines, 
cause a continuous fall. Repeated stimulation of the skin or nerve trunks leads 
at first to a diminution in the increase in the rising effect, then comes a stage in 
which the stimulation causes primarily a fall and finally ends up with a stage in 
which stimulation has no effect whatsoever on the blood pressure. At that stage 
usually the blood pressure is very low and can not be permanently improved by 
any medicinal or other treatment. This is, according to Crile, the stage of 
complete surgical shock. The development of shock is hastened by the strength 
of the repeated stimuli and by the amount of tissue involved in the stimulation; 
under all circumstances, however, its development is always a slow and gradual 
one, 

The characteristic signs of surgical shock are, according to Crile, the 
very low blood pressure and the impossibility of influencing the pressure 
by any stimulation. The cause of it is exhaustion, the breakdown of the 
vasomotor center by the preceding over-stimulation. Adrenalin may 


8. Warren, John Collins: Surgical Pathology, 2d ed., 1900. 
9. Crile, George W.: An Experimental Inquiry into Surgical Shock, Philadel- 
phia, 1899; also Blood Pressure in Surgery, Philadelphia and London, 1903. 
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temporarily raise the blood pressure by a contraction of the muscles of 
the wall of the blood vessels: also transfusion or peripheral mechanical 
pressure may raise the blood pressure simply by hydraulic principles, 
but the rise will be only temporary. The pressure will not be self-sus- 
taining on account of the complete exhaustion of the vasomotor center. 

According to Crile, then, failure of blood pressure is the primary and 
sole cause of all the symptoms of shock, and this failure has as its cause 


solely the exhaustion of the vasomotor center. The eardiae and respira- 


tory failures and other phenomena are only secondary consequences 0 
subsidiary factors to the primary cause, the exhaustion of the vasomotor 
center. 

Crile makes a distinction between shock and collapse. In the latter 
low blood pressure and all the other symptoms of shock may he present. 
But the onset of collapse, Crile says, is sudden and the conditions are 
amenable to stimulation because the vasomotor center is not exhausted, 
hut only depressed and can be raised to activity by stimulation, As far as 
I can see, the difference between shock and collapse, according to Crile, 
is as follows: 

The onset is gradual in shock and sudden in collapse. Collapse may have 
its origin in cardiac, respiratory or vasomotor insufliciencies; shock is of vaso 
motor origin only. Collapse is amenable to stimulants and stimulation; shock 
is not. In shock the vasomotor center is exhausted; in collapse, if this cente: 
is affected, it is only functionally depressed, 

I shall not diseuss here whether it may be possible to distinguish at 
the bedside of a human patient between shock and collapse, although 
such a distinetion might be of practical vital importance, since, ac- 
cording to Crile, stimulants like strvehnin or aleohol may hasten the 
end in shock, but may save life in collapse. I wish only to call attention 
to the fact that shock as described by Crile fits only surgical shock, and 
that traumatic shock, especially as was described classically by earlier 
writers, had, on the contrary, mostly, if not always, a sudden onset. | 
hardly think that Crile assumes that all these cases were only of the 
collapse variety. But I could not find in his writings a discussion of this 
apparent discrepancy. 

Crile’s results and teachings have been widely accepted in the surgi- 
cal world, especially in the United States and England. They were 
endorsed by such prominent experimental surgeons as Victor Horsley 
and Harvey Cushing. They were given a wide prominence by the lee- 
tures of Mummery'’ in England and they have found their way into all 


new text-books. 


10. Mummery, P. Lockhart: Lancet, 1905, i, p. 696, ff. 
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Within the last few years, however, some divergent views made their 
appearance, Boise,"' in the United States, and Malcolm,’* in England, 
who are willing to accept the facts as they are reported by Crile, at- 
tempted to interpret them differently. They believe that the low blood 
pressure and the venous stasis observed in surgical shock need not be 
dlue to paralysis of the blood vessels and an exhaustion of the vasomotor 
center, but, on the contrary, can be and are the outcome of a high 
stimulation of the center and a strong contraction of the heart and the 
arteries. The theories of these writers are not supported by any observa- 
tions or experimental tests of any weight, and we shall not enter into a 
discussion of the validity of their theoretical arguments. 

I shall mention particularly, however, some important experimental 
work recently done by very competent physiologic investigators. W. H. 
Howell'® undertook to produce shock in anesthetized dogs either by pro- 
longed handling of the intestines or by applying heat to a large surface 
of the skin or by operations on the brain. He was frequently confronted 
with the experience that what produced shock readily in one animal 
singularly failed to have any effect on another animal. Howell distin- 
guished two forms of shock, cardiac and vascular. In some cases the 
pulse would be feeble and very rapid, while the blood pressure would 
remain of a fairly good height. In other animals the blood pressure 
would drop to forty or twenty millimeters of mercury, while the pulse 
would also be greatly accelerated. Cardiae shock could occur without 
vascular depression, while vascular shock was always accompanied by 
cardiae shock. Howell thinks that neither the vascular nor cardiac shock 
was due to an exhaustion of the medullary centers, for in neither case 
were there any signs of a preceding over-excitation. He assumes that 
both cases of shock are due to an inhibition of the centers in the medulla, 
that is, an inhibition of the tonus of the vagus center which causes ac- 
celeration of the heart and an inhibition of the vasomotor center which 
leads to vascular shock. 

Howell, then, like Crile, sees in the disturbance of the circulation 
the essential characteristic of shock, but differs from him in that he 
does not assume that the vasomotor center is exhausted and that he lets 
the cardio-inhibitory center share in the causation of the shock. 

ll. Boise: Amer. Jour, Obstet., 1907, lv, p. 1. 
12. Maleolm: Lancet, Aug. 26, 1905, ii; also Lancet, 1907, i, p. 497. 
13. Howell, W. H.: Contributions to Medical Research, dedicated to Victor 
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The vasomotor studies of W. 'T. Porter alone and with his pupils'* 
led him to results and views entirely antagonistic to those brought for- 
ward by Crile. In the first place, in disagreement with Crile, he states 
that in his numerous experiments he failed to find an instance in which 
stimulation of an afferent nerve caused a significant fall of blood pres- 
sure, except, of course, on stimulation of a depressor nerve. In his ex- 
periments, crushing or electric stimulation of the testis always gave a 
rise and not a fall of the blood pressure. Continuous stimulation of the 
central ends of the sciatic, brachial or other afferent nerves for many 
hours gave uniformly the same rise of pressure as at the beginning. 
An analysis of 765 blood pressure records from stimulations of the 
sciatic and brachial (and depressor) nerves of rabbits, cats and dogs 
brought out the result that the “percentage change in blood pressure, 
which is the true index of the condition of the vasomotor cells, increases 
as the blood pressure falls.” Even in experiments where all the clinical 
signs of shock were present: the blood pressure very low, the tempera- 
ture subnormal, the heart beat weak and often irregular, and the irri- 
tability of the nervous system apparently much reduced, stimulation of 
the depressor nerve lowered the blood pressure by a) per cent. All these 
data, says Porter, are wholly opposed to the hypothesis that exhaustion 
of the vasomotor center brought on by over-stimulation can be the cause 
of surgical shock. Porter offers no theory of his own as to the nature of 
shock, but he is very emphatic in his assertion that the vasomotor cells 
in shock are neither exhausted, depressed nor inhibited. Porter contra- 
diets Crile’s facts and disagrees with his exhaustion theory; but appar- 
ently he also disagrees with Howell’s views, that inhibition of the vaso- 
motor and cardiac centers are at the bottom of the phenomena of shock. 

In connection with this review it may be mentioned that, according 
to a recent statement of Sollmann'® and his associates, “corrosion or 
violent irritation of the gastric mucosa, submucosa and serosa, or of the 
parietal peritoneum has generally no effect on blood pressure or respira- 
tion in anesthetized dogs, the observations extending some time over an 
hour.” 

This brief review will suffice to show that the experimental era has 
not vet solved the mystery of shock, and that the bringing forward of 
new experimental facts capable of shedding some more light on our 
puzzling problem is not yet a superfluous luxury. Before beginning the 
report of our own experimental results | wish to complete the foregoing 
review by the addition of two brief statements. 


14. Porter, W. T.: Am. Jour, Physiol.. 1907/08, xx, pp. 399, 444 and 500, 
15. Sollman, Brown and Williams: Am, Jour, Physiol., 1907, xx, p. 74. 
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Henderson" has recently adopted Mosso’s theory of acapnia also for 
the causation of shock. Acapnia means an insufficiency of carbon dioxid 
in the tissues and fluids of the had, and Mosso believes that this insuf- 
ficiency is the cause of mountain disease. Henderson believes that the 
lack of carbon dioxid is also the cause of shock which, for instance, 
develops in laparotomies on account of the escape of this gas from the 
exposed peritoneum and intestines. 

The other statement has reference to the brief mention of Bain- 
bridge and Parkinson" last vear of two autopsies of postoperative shock 
in which the chromattine tissue of the suprarenals was absent. If such 
findings should turn out to be the rule, we may soon find a new and 
plausible theory of the nature of shock. This, however, must be left to 
the future. 

Our experiments which I wish to mention here were not undertaken 
and carried out with a view of determining the nature of shock. Lapar- 
otomies were made on animals under various conditions for the purpose 
of studying certain preblems in connection with the gastrointestinal 
canal. In these studies, however, some facts came to light which may 
he of assistance in the elucidation of some of the mysteries of shock, and 
that is the reason why I wish to report them here. 

The first series of experiments deals with the motility of the gastro- 
intestinal canal. We found there the fact that simple opening of the 
abdomen has a profound influence on this motility. Experimenters open 
the abdomen as one opens the door of a room to see the doings and hear 
the conversation which is going on, and they are then surprised that 
everything is quiet. If the abdomen of a rabbit is open it is found that 
the bulky organs, the stomach and cecum, which fill up nearly the entire 
abdominal cavity, are practically without any motion. 

The literature, therefore, contains hardly any statement concerning 
the motility of these organs, especially that of the cecum, which is very 
large in the rabbit. Dr. Auer and myself** have discovered, however, 
that if a normal rabbit is stretched out on its back and the hair over 
the abdomen cut the regular movements of the stomach and cecum are 
very plainly visible; the movements of the cecum are especially coarse 
and easily visible and palpable. Nevertheless, on opening the abdomen 
there is not a sign of these movements, which appear to be suppressed 


by this procedure. 


16. Henderson, Yandell: Am, Jour, Physiol., 1908, xxi, p. 126. 

17. Bainbridge and Parkinson: Lancet, 1907, i, p. 1269. 

18. Meltzer and Auer: Zentralbl. f. Physiol., 1907, xxi, No. 3: Proc. Soe. for 
Exper. Biol. and Med., 1907, iv, p. 37; also John Auer: Am. Jour, Physiol., 1907, 
xviii, p. 347, 
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We then carried out a series of experiments to find out the cause and 
nature of this suppression. The cecum was studied first. In the begin- 
ning we sought to determine whether it is not the pain due to the inci- 
sion after the animal comes out from the anesthesia which inhibits the 
movements. For this purpose we have first sectioned the spinal cord at 
the upper end of the dorsal region. Sooner or later the movements of 
the cecum were as regular as usual. We could now open the abdomen 
without causing the animal any pain. But it was found that now, too, 
there was not a sign of cecal movement. The suppression, then, was not 
caused by pain. The opening of the abdomen admits air, and sometimes 
cold air, and it is usually assumed that this has a profound effect on the 
peritoneum and intestines. We thought that this might be the cause of 
the suppression of the movements. In testing this surmise we discovered 
that it was not necessary to open the abdomen; simple free dissection of 
the skin of the abdomen from the underlying muscles was sufficient: to 
stop these movements. It was then evident that the suppression of the 
movements was not due to direct action upon the cecum but to some 
reflex act. Temporary closing of the skin over the wound restored the 
movements again. ‘That it was not the contact of the skin area with 
the cold air, or at least that it was not this alone, which caused reflexly 
the suppression of the movements could be proved by the fact that cover- 
ing the area with warm physiologic solutions did not restore the move- 
ments. A similar result was obtained, though the effect was less strong. 
when the skin of the thighs was freely dissected. Furthermore, even 
submerging the posterior part of the animal with the eut cord in a bath 
of 40 degrees C. stopped the cecal movements for some time. Apparently 
any adequate stimulus “applied to the animal caused by way of reflex to 
the spinal cord an inhibition of the cecal movements. The dissection of 
the skin presents such a stimulus, and although we are as yet ignorant 
as to which of the factors accompanying the dissection is the essential 
stimulus, we know that the dissection presents a group of abnormal con- 
ditions, and any abnormal condition might serve as a stimulus. The 
assumption that the suppression of the cecal peristalsis is an act of 
reflex inhibition we have further tested by the complete destruction of 
the spinal cord. In this case dissection of the skin was incapable of 
interfering with the cecal peristalsis, which was then even better than 
before. The evil ghosts of exhaustion and fatigue which for more than 
half a century cast their dark shadows on many bright ventures in phys- 
iology could not obscure the issue here. The suppression of cecal peri- 


stalsis by dissection of the skin could not have been brought on by over- 


stimulation and exhaustion, since after destruction of the cord and 
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dissection of the skin the peristalsis was not hampered and in fact was 
better than before. The mechanism of this reflex inhibition of peri- 
stalsis is apparently this. The splanchnic nerves and perhaps also some 
hypogastric nerve fibers are inhibitory nerves for the gastrointestinal 
canal, just as the vagus is an inhibitory nerve for the neart. In the 
normal state an inhibitory tonus is present, that is, cutting of the 
splanchnic nerves causes an increase of the normal peristalsis. The 
tonus is probably sustained by continuous mild reflex stimulation from 
the periphery. When an abnormal, strong stimulus is applied to the 
periphery, like the dissection of the skin, reflex inhibition becomes in- 
creased to such a degree as to completely stop the normal peristalsis. 
When, however, the cord is destroyed and no spinal reflexes are possible. 
the dissection has no effect and by the elimination of the normal tonus 
the normal peristalsis becomes even greater. 

Our further experimentation, however, revealed the presence of an- 
other inhibitory mechanism. We found that after destruction of the 
cord there was a sharp difference in the effect between simple dissection 
of the skin and complete opening of the abdomen. In the latter case 
the peristalsis, which now did not disappear immediately after the per- 
formance of the laparotomy, was not as complete as normally and con- 
tinued only for a short time. Even in a warm bath of a physiologic solu- 
tion the cecal peristalsis ceased after ten or fifteen minutes. Since there 
could be no reflex effect, the early subsidence of the movements must 
have been accomplished by the stimulation of some peripheral inhibitor, 
mechanism. We did not try to locate the habitat of this mechanism, 
whether it be in the peripheral ganglia, nerve endings or within the 
muscle cells of the intestines. 

This series of experiments, then, established safely the following 
conclusions: That simple dissection of the skin over the abdomen pre- 
sents a distinct stimulus; that this stimulus when the corresponding 
part of the spinal cord is intact causes a reflex of an undoubted inhibitory 
character; when the cord is destroyed the opening of the abdomen brings 
on a stimulation of peripheral inhibitory mechanisms and that, there- 
fore, when the cord is intact the opening of the abdomen is instrumental 
in bringing out a two-fold inhibition—a reflex inhibition and an inhibi- 
tion of a local peripheral mechanism. 

These conclusions found their verification in results at which Cannon 
and Murphy" arrived in a series of different experiments. Cannon, as 
is well known, studies the movements of the gastrointestinal canal in 
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normal animals by the fluoroscopic method. In a series of experiments 
which he carried out together with F. T. Murphy it was found that 
crushing the testes of cats under anesthesia stops the peristaltic move- 
ments of the small intestines. When the splanchnic nerves were pre- 
viously cut, however, the crushing of the testes did not interfere with 
the movements of the intestines. This shows that the crushing of the 
testes presents a stimulus which causes reflex inhibition of the intestinal 
peristalsis. Furthermore, Cannon and Murphy found that the trans- 
portation of food from the stomach through the intestines, which in eats 
does not stop by simple exposure of the intestines to the air, is greatly 
inhibited when the intestines are handled within the abdominal cavity 
and still more so when they are removed outside of the cavity and 
handled there. To test the nature of this inhibition Cannon and Murphy 
repeated these experiments in animals whose splanchnic nerves were 
previously cut. It was found that the handling still inhibits the move- 
ments. The inhibition called forth by the handling, therefore, is due 
to some local mechanism. Here again we have two varieties of inhibition 
—reflex inhibition and local inhibition of peripheral origin. 

Before discussing the bearing of these facts upon the question of the 
nature of shock we shall first record some other observations brought to 
light by the investigations of Dr. Kast and myself in a series of experi- 
mental studies of the sensibility of the gastro-intestinal canal. 

As is now well known, the observations made in human laparotomies 
under local anesthesia led the surgeons to the view that the abdominal 
viscera feel no pain and possess no sensory nerve fibers. In an extensive 
study which we made on dogs we found that the intestines are sensitive 
enough as long as they remain within the abdominal cavity and are very 
little or not at all exposed to the air. When the abdomen is freely 
opened and the intestines removed from the cavity the sensibility 
becomes greatly reduced or entirely abolished temporarily or even per- 
manently. It is with sensibility the same as with motility; the sudden 
opening of the abdomen is like the sudden opening of a door which 
throws a hush on the lively company inside of the room. When the 
abdomen was opened under anesthesia and one loop of intestine was 
gently fixed between the branches of a dressing forceps and the abdomen 
then closed with temporary sutures, any moderate pressure on the pro- 
truding handle of the forceps invariably called forth an unmistakable 
sign of the sensation of pain. The result would remain constant for 
hours. If, however, all the temporary sutures were opened at once and 
stomach and intestines permitted to escape from the abdominal cavity, 
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in a minute or two the sensations of the intestines would be greatly 
reduced or completely abolished and would remain so for a shorter or 
longer period until the intestines were returned to the abdominal 
cavity and the abdomen closed or at least kept well covered with warm 
physiologic solution. We shall not enter here, of course, into any details 
of these experiments. We wish, however, to call attention to the fol- 
lowing accompanying circumstances. Simultaneously with the loss of 
intestinal sensibility a distinct reduction of the sensitiveness of the skin 
over the entire body takes place, and at the same time the animal becomes 
(listinetly apathetic. The dog, which a few minutes before was whining 
and restless, suddenly becomes perfectly quiet and strikingly indifferent, 
although the eves are wide open and the lid reflex is active. A strong 
stimulus applied to the skin would wake up the animal, but only to 
sink again into the lethargic condition. The intestinal and skin insen- 
sibility and the general apathy set in even if the opening of the abdo- 
men occurred in a warm bath of saline or Ringer’s solution. The redue- 
tion of t' nsibility of the skin is as a rule less pronounced than that of 
the intestines; the sensitiveness of the skin returns also a good deal 
sooner. The general apathy lasts a good deal longer. During all this 
time the blood pressure remains high; it may be as high as 150 milli- 
meters of mereury or even higher. The pulse, which sometimes becomes 
rapid for a short time, soon returns to normal, and the respiration may 
he even slower than normally. 

What does this loss of sensibility and apathy mean? With high pres- 
sure the phenomena can not be due to anemia, and with normal pulse, 
normal pressure and normal respiration it does not look like an exhaus- 
tion. Knowing now that the suppression of the motor phenomena by 
the opening of the abdomen is surely an inhibitory effect, we assume that 
the blunting of sensation and perception also means an inhibition, that 
is. an inhibition of the receptive sensory elements. Furthermore, since 
the processes of the reduction of the sensation from the skin and of the 
yeneral apathy can take place only within the central organ, we have 


reason to assume that the stimulating factors combined with the open- 


ing of the abdomen create at the central end of the sensory nerves 
inhibitory processes which are responsible for the phenomena above 
described. 

For reasons, into a discussion of which we do not wish to enter here, 
we consider it possible that in the nerve fibers of the intestines the per- 


ipheral receptive endings might also become somewhat affected by the 


opening of the abdomen. At any rate, the sensitiveness of the tntes- 
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tines was distinetly more reduced than that of the trunks of the mesen- 
ieric nerves. 

We may mention here an observation made by Dr. Auer and myself 
in studies upon the respiratory vagus. Although these studies are far 
from complete, the one fact which interests us here stands out quite 
clearly. It has been known for half a century that stimulation of the 
central end of a vagus nerve, especially in rabbits, affects the respiration 
so as to cause a standstill, Numerous investigations were made on this 
subject and there has been a contention among the various writers 
whether the standstill occurs in inspiration or in expiration, Standstill 
in inspiration means a tetanic contraction of the diaphragm, and stand- 
still in expiration means an inhibition of the spontaneous contractions 
of the diaphragm. The inhibition occurs within the medulla oblongata 
and is of the same nature as the inhibition produced by the stimulation 
of the central end of the superior laryngeal nerve. Some years ago l*° 
showed that both statements are true, namely, that in some animals stim- 
ulation of the vagus causes standstill in inspiration, in others standstill 
in expiration. This means that the vagus contains two kinds of nerve 
fibers—stimulation of one kind causes excitation, that is, inspiration, and 
stimulation of the other causes inhibition of inspiration, Which of the 
effects prevails depends in each particular case upon conditions which 
are as vet unknown to us. We have now observed in a few dogs and 
rabbits that after the abdomen is widely opened stimulation of the cen- 
tral end of the vagus causes invariably an inhibition of inspiration, This 
means that the opening of the abdomen contains elements which favor 
the predominance within the medulla of an inhibitory state for the res- 
piration. We may add that in these experiments, too, it was evident that 
the opening of the abdomen is the cause of a manifest reduction of the 
sensibility of the skin. 

Turning again to our experiments on the sensibility of the abdominal 
organs, we have to point out a few more facts which are of special in- 
terest to our problem. In many of our dogs, especially in vigorous 
animals, blood pressure, pulse and respiration would remain normal for 
many hours, in fact the experiment had to be broken off before there 
Was any sign of a so-called vascular shock. Meanwhile the viscera had 
heen repeatedly eventrated and replaced in the abdominal cavity, the 
animal becoming more and more insensible to any stimulation and deeply 
apathetic while the blood pressure never was less than at least 100 
millimeters mereury. In other animals the blood pressure dropped 
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within two or three hours to 60 or 50 millimeters, the pulse ran up to 
about 180, the respiration was irregular and otherwise the animal pre- 
sented the picture of deep shock. Again, in another comparatively small 
yroup of animals it came to pass that immediately after a sudden release 
of the temporary ligatures of the abdomen the animal sank into a state 
of deep shock. It lay absolutely motionless as if paralyzed; no manner 
of stimulation of the skin would bring out any reaction; the eves were 
half closed with a completely indifferent look, though the lid reflex was 
not entirely abolished. The respiration was very slow and gasping, the 
pulse very rapid and small, although the blood pressure was still 70 or 
(0. The mucous membranes were usually pale, the viscera showing at 
least no hyperemia. The blood was always dark. All this would oceur 
even when the opening of the abdomen took place in a bath of 40 
degrees C. The animals of this group were far from vigorous, of a meek 
temperament and not well nourished. Even these animals did not die 
spontaneously; they were usually killed by clamping the trachea or by 
putting the tracheotomy tube under water, and the remarkable fact was 
then noted that in these animals the asphyxia did not result in any con- 
vulsions, 

The shock seen in these few animals had a remarkable similarity to 
traumatic shock as described by Fischer and others in the human being, 
although in two of these animals the blood pressure was not lower than 
60 millimeters. 

From this series of experiments we have learned the following facts 
which have a bearing upon our problem. In all experiments in which 
our attention has been directed toward this point, opening of the abdo- 
men and evisceration led invariably to a reduction of the sensibility of 
the skin and to general apathy, from both of which the animal is apt 
to recover sooner or later when the viscera are properly taken care of. 
While both of these conditions may attain sometimes a considerable 
‘degree of intensity, the heart and blood pressure may remain entirely 
unaffected. If the tough handling of the abdominal viscera continues, 
the insensibility and the general apathy increase. In vigorous animals 
this did not readily lead to a surrender of the functions of the body to 
complete shock, so that even after many hours of exposure and handling, 
blood pressure, heart and respiration still had suffered little. In less 
vigorous animals also the last named functions gradually surrendered 
to the effects of continuous rough handling of the viscera; these animals 
gradually sank into complete shock. Finally in animals with reduced 
bodily resistance complete shock appeared soon after laparotomy and 


evisceration. 
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In some cases an undoubted profound shock was present, although 
the blood pressure was not lower than 70 or 60 millimeters, a degree of 
pressure which, if not complicated by any other ill conditions, is still far 
away from the danger line. 

We wish to point out especially that in our experiments in the cases in 
which the development of shock was gradual the symptoms of insensi- 
bility, general apathy and complete muscular relaxation invariably made 
their appearance long before the onset of cardiae and vascular break- 
down. 

Before continuing the discussion of our experiments further, I wish 
to make the following remark with reference to the symptoms of shock. 
In the above reported recent literature on shock low blood pressure is 
the paramount symptom, possibly also a rapid pulse. In the lucid de- 
scription of traumatic shock of some of the older writers blood pressure 
was represented only by the few words that the arteries were of low 
tension, while there was a great deal to say about the peculiar mental 
state, the insensibility, the immobility, the respiration, ete. [ may also 
mention here that in referring to Goltz’s experiments on the effects of 
stroking the abdomen of frogs, usually only the condition of the heart 
and blood vessels is taken into consideration, while Goltz has expressly 
pointed out that as long as the animal is under the influence of the stroke 
reflex it is as if paralyzed and seems to be without sensation. Painting 
the leg with acid causes no reaction; later, when the animal recovers, it 
tries to get rid of the irritant. [L emphasize these points to show that 
the symptoms of general apathy, of insensibility and of muscular weak- 
ness are integral symptoms of shock. The recent experimental studies 
on blood pressure in shock have, I believe, in some respects obscured the 
issue. Low blood pressure is surely one of the symptoms of shock, but 
it is not the only symptom. Again, it is not necessary in the definition 
of shock to assume the presence of blood pressure so low that the animals 
can not recover, as there is sufficient clinical evidence that recovery from 
shock may occur. Furthermore, there may be fatal shock without a very 
low blood pressure, and there may be very low blood pressure without the 
condition of shock. 

While L do not wish to enter here into a detailed discussion of diag- 
nosis, it seems to me quite safe to state that for the diagnosis of trau- 
matic as well as surgical shock it is necessary to take into consideration 
the general mental state, the states of the sensibility and motility and 
the conditions of the cardiac, vascular and respiratory functions. 

Returning again to our own experiments, we have seen that in ani- 


mals of all degrees of vitality, laparotomy and handling of the intes- 
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tines leads to some degree of general apathy, insensibility and motor 
relaxation; in other words, to some of the symptoms of shock. This 
partial shock is not necessarily fatal and concerns functions which are 
not of immediate vital importance. With the prolongation of the ex- 
posure and handling of the viscera, the danger of the involvement of the 
cardiac, vascular and respiratory functions increases, and the danger is 
the greater the lower the vital resistance of the animal. The last- 
named functions are of greater importance for the continuation of life 
and are, therefore, in the vigorous animal provided with greater factors 
of safety, so that minor assaults do not easily shake their foundation. 

Generalizing our experience, we may say that the sudden opening 
of any body cavity will frequently cause a partial shock which may con- 
sist of the anesthetic condition of the contents of this cavity, a reduc- 
tion of general sensibility and a general muscular relaxation. When the 
handling of the contents of the cavity is continued and the powers of 
resistance of the subject are at a low point, a more or less complete shock 
develops, in which other more vital functions become involved in varving 
degree: sometimes the heart, sometimes the vascular svstem, and some- 
times the respiratory mechanism, are predominantly affected. Similar 
conditions may be brought on by extensive dissections or burning of 
some parts of the body; it should be borne in mind that one part may 
perhaps react more readily than another. Beside these intentionally 
produced or accidental injuries, violent mechanical agitation of some 
especially sensitive part without actual destruction of tissue might also 
be capable of calling forth more or less complete forms of shock. All 
these various methods of producing partial or complete shock repre- 
sent in one form or another strong stimulations abruptly applied to the 
normally tranquil nervous system. 

What is the nature of that condition which we term shock’ We are 
in the habit of expecting a stimulus to produce or increase an activity. 
In shock the activity of the functions is depressed or suspended. By 
what method do the stimulating injuries cause this depression or sus- 
pension of activity? The current view is that the depression is a state 
of exhaustion or fatigue of the functions or of the nerve cells control- 
ling them. In estimating the value of this hypothesis, one should re- 
member that it was first advanced to account for the inhibitory effect 
of the vagus upon the heart. The objectors to the new idea of inhibi- 
tion tried to explain the fact of the arrest of the heart’s action by as- 
suming that the vagus was the motor nerve of the heart, and that the 


cutting of the nerve caused fatigue of the heart by overstimulation. 
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Since this time this has been the favorite hypothesis of some writers 
to explain any reduction of activity of the nervous system. The fact 
that no hyperactivity of the function precedes its depression does not 
seem to have any weight with these writers. 

In our own experiments upon the motility of the gastrointestinal 
canal we have seen that the dissection of the skin produced a suspension 
of the normal movements which could not depend on fatigue and ex- 
haustion, since the destruction of the cord restored the function of the 
gut to even greater activity. It was evident that in this case the dissec- 
tion of the skin gave rise to an inhibition of the motor function of the 
gastrointestinal canal similar in character to that of the cardiae in- 
hibition. Furthermore, in the studies of the effects of the stimulation 
of the vagus on respiration, it was found that opening of the abdomen 
favored the inhibitory response to stimulation to the central end of that 
nerve. These facts demonstrate that dissections of the skin or opening 
of the abdominal cavity do not produce exhaustion, but result in a more 
active inhibition. 

On the other hand, Howell has called attention to the fact that the 
vascular depression in shock is not preceded by increased activity sutti- 
cient to justify the assumption of exhaustion from over-stimulation of 
the center. Furthermore, in the stroke experiments of Goltz, the gen- 
eral paralysis and the anesthesia prevalent during the stroking of the 
abdomen is never preceded by tetanus or hyperesthesia, 

On the basis of these considerations | venture the assumption, which 
is not new, that the various injuries which are capable of bringing on 
shock, do so by favoring the development of the inhibitory side of all 
the functions of the body. This predominance of inhibition makes its 
appearance at first in those functions which are of less immediate im- 
portance to life, and are, therefore, less insured by safeguards protect- 
ing their equilibrium. With increased injury the inhibition spreads also 
to the more vital and, therefore, better protected functions of the nerv- 
ous system. The early inhibition in the development of shock, of the 
functions of lesser importance, might even be looked on as being, in a 
degree, conservative measures of protection of other more Important 
functions of animal life. The restfulness of the body, the painlessness 
and mental indifference are certainly most desirable conditions in’ the 
management of shock of the more vital functions. 

We shall say here a few words as to the meaning and importance of 
inhibition in connection with our problem. The body's functions are 


clearly constructed on the dual principle, The heart has the ac clerators 


as motor, and the vagi as inhibitory nerves. The vascular system has 
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in the centrifugal direction vasoconstrictors and vasodilators, the latter 
having simply inhibitory functions. In the centripetal direction there 
are nerve fibers which increase the tonus of the vasomotor center, as the 
fibers within the sciatic nerve, and there are nerve fibers which inhibit 
und depress the tonus, as the depressor nerve. For the respiratory cen- 
ters there are fibers which augment inspiration, as certain fibers in the 
vagus, and others, as the superior laryngeal nerve, which inhibit in- 
spiration. The same holds good for expiration. For the gastrointestinal 
canal the vagus is essentially a motor nerve and the splanchnic nerve 
essentially an inhibitor. These instances will suffice to support the 
contention that the functions are not kept up simply by acting when 
there is a stimulus to them and by resting when a stimulus is lacking. 
They are, on the contrary, constructed on the dual principle, on a well- 
balanced antagonism between excitation and inhibition. During life 
there is never an absence of stimuli; they stream continually in 
legions from outside and are ever present in the blood and lymph. The 
normal state of a function results from a proper balance of antagonistic 
stimulations, and the important functions are well provided with fac- 
tors of safety to keep up the normal equilibrium. 

Under unusual abnormal conditions, however, there may arise a ten- 
deney toward a deviation in one or the other direction; that is, in the 
direction of excitation or in that of inhibition. With regard to shock, 
our theory assumes that the injuries which produce shock disturb the 
equilibrium, causing a tendency toward inhibition. It certainly does 
not mean reducing the function to a single principle, to inhibition 
alone; it only means shifting the tendency toward inhibition. Stimula- 
tion of nerve fibers which usually cause excitation will still cite, and 
fibers which cause inhibition will still inhibit and probably inhibit even 
better than in a normal state. Porter's experiments showing that in 
shock the depressor is very active, more so even, than when the blood 
pressure is normal, is far from being evidence against the theory that 
in shock the vasomotor center is more favorable toward inhibition; on 
the contrary, it would tend to support this idea. 

The assumption that the insufficient activity of several functions 
during shock is due to a preponderating inhibitory influence refers only 
to the primary effect. It seems to me self-evident that during the course 
of shock other intluences must become secondarily active. The insufti- 
cient activity of one function becomes detrimental to the other, and 
anemia, asphyxia or even fatigue or other conditions might become op- 
erative during the progress of shock. 
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CHLOROFORM NECROSIS OF THE LIVER.* 


H. GIDEON WELLS, M.D. 
CHICAGO, 


The occurrence of serious, frequently fatal, poisoning as a sequel of 
chloroform anesthesia, manifesting itself first several hours or even a few 
days after the use of the drug, has been brought into prominence through 
the articles of Ballin, Bevan and Favill, Brewer, Brackett and others in 
this country, and of Guthrie in England; therefore, it is unnecessary 
for me to diseuss the literature at length, as this will be found fully 
abstracted to 1905 in the article of Bevan and Favill,’ and subsequent 
articles are indexed in the foot notes to this article. 

REPORT OF THE CASE, 

I desire merely to report a study of both the pathologic anatomy 
and the chemistry of a typical case, which I had the opportunity of 
examining at autopsy, through the courtesy of Dr. F. 8S. Tufts and to 
consider certain features illustrated by this case and jhose so far re- 
corded in the literature. Dr. Tufts has kindlysfurnished me the clin- 
ical history, which follows : md 

Clinical History. ‘The patient, a vigorous young man, was born in Wisconsin 
in 1878. The family history is negative. He came to Chicago in 1899, and has 
been employed as a forenmn in the hog-casing department of a packing house. 
In 1900 he married a‘first cousin, who gave birth to a healthy boy in 1904. His 

childhood history was negative, and up to 1902 he was strong, robust, and of very 
good tolor. In 1902 he lost weight and color, and began to complain of an ocea- 
sional stomach trouble. He had no acute attacks or colic, but occasionally there 
was acute distress from gas after meals, with a sensation of fullness. The first 
acute attack of colic and cramps occurred on Jan, 1, 1907, and was brought on 
by a hearty packing-house restaurant dinner. I saw him two hours after the 
attack and found slight tenderness in the umbilical region, but nothing around or 
near the gall bladder; he returned to work the next day and was free from trouble 
until March 17. This second attack was apparently caused by fruit salad which 
he had eaten the day before. At this time I found no fever, some rigidity in the 
right rectus, but not much tenderness; he had had colic and cramps all night but 
not severe enough to call me. On the next day, March 18, he went to work, 
although still a little lame, and the following day visited me at my office, when 
the gall bladder was found markedly distended; it extended 10 cm. below the 
costal arch, was freely movable and slightly tender. At this time there was no 
fever, no icterus, nor even bile in the urine (Gmelin’s test). On the next day his 
condition was about the same, although the temperature was 99.2, pulse 78. The 
following day (March 21) the temperature was normal and the tenderness was 


* From the Department of Pathology, University of Chicago. 
1. Bevan and Favill, Jour. Am. Med. Ass‘n., 1905, xiv, 691-696, 
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subsiding, but he was quite pale and complained of feeling very weak; in the 
evening he was taken to the Englewood Hospital.” Here his pulse, temperature 
and respiration were recorded as normal, and he was prepared for operation, 
which was performed at 4 p.m. on March 22. 

Anesthesia.—The anesthetic was chloroform and it was “given with a free 
hand” by the anesthetizer, and cyanosis was very marked. The duration of anes- 
thesia, however, was not long, as it is recorded that the patient left the ward for 
the operating room at 4 p. m., returned at 5 p. m., and was again conscious 
at 5:30 p. m. 

Operation.—When the abdomen was opened the upper surface of the liver was 
found freshly auherent to the parietal peritoneum, while the lower surface, gall 
bladder and intestines were bathed with lymph and fresh adhesions everywhere. 
The gall bladder was thickened, but neither it nor the ducts were distended, and 
no stones could be palpated. On account of the evidently acute nature of the 
infection it was deemed wiser not to open the gall bladder, and the bad way in 
which the patient was taking the anesthetic impelled haste, so the abdomen was 
closed again without draining the gall bladder. 

Postoperative History.—Following the operation the patient slept fairly well 
and the next day at noon the temperature rose to 99.7, but subsided on the fol- 
lowing morning, March 24, although at this time there was a leucoeytosis of 
17,000, All this day the patient was in good condition, sleeping much of the 
time, until 11 p. m., fifty-five hours after the operation, when he began to be 
restless, By 3 a. m., March 25, he began to be delirious, acutely maniacal, and 
was unconscious from that time on, although he could be roused somewhat by 
calling. On the morning of this day the temperature at 10:30 was 99.3, pulse 
82, respiration 22. The patient was very thirsty, icterus began to appear, and 
the urine. which before the operation had been normal, now showed much bile, 
albumin and hyalin and granular casts, but no crystals of leucin or tyrosin 
could be found. Under the influence of chloral and bromids the patient became 
more quiet at about 4 p. m., laughter and crying taking the place of the wild 
delirium previously exhibited. The jaundice had increased during the day. By 
3 p.m, the temperature had risen to 103; at 5 p.m. it was 104; at 7 p. m., 106; 
and at 8 p. m., 107. Death occurred at 9:30 p. m., 100 hours after the operation. 


Autopsy.—This was performed at 9 o'clock the next morning, in the under- 
taker’s room, to which the body had been removed. An attempt at embalming 
with an arsenical solution had been made just before our arrival, but fortunately 
this was so ineffectually done that practically none of the fluid penetrated the 
viscera and tney were almost unaffected; however, there had been some fluid 
introduced directly into the peritoneal cavity, which interfered with cultures 
being made from the peritoneal exudate and gall bladder; while of course blood 
cultures were made valueless by the intravascular injection. 


tutopsy Report.—This is summarized below. 

Anatomic Diagnosis: Acute hepatic degeneration and atrophy. Cholelithiasis 
with chronic suppurative and proliferative cholecystitis. Acute fibrinous peri 
cholecystitis. Suppurative cholangitis with fibrous pericholangitis. Partial oeclu- 
sion of cystic duct near juncture with hepatic duct. Recent operative incision in 
right hypochondrium. General icterus. Multiple eechymoses in serosa of thoracic 
and abdominal cavities. Hypostatic pulmonary congestion. Right inguinal hernia. 

External Appearance: Young man, slenderly built; fairly nourished; very 
icteric all over the body, especially the face: selera bright yellow. Sear of old 
trauma over right tibia. Recent operative incision three inches long in right 
hypochondrium; also embalmer‘s incision inf right arm. Discolored skin areas 
from saline transfusion over both pectorals. Right inguinal canal open a short 
ditsance, 
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Abdominal Cavity: Distended by clear embalming fluid (arsenic and bichlorid 
of mercury). (Clinically it was ilaccid up to death.) Omentum free. Numerous 
small blood extravasations throughout omentum. Many hemorrhagic foci, size of 
pea and smaller, scattered throughout mesentery and retroperitoneal tissue, Sev- 
eral larger suggillations more sparsely distributed, Appendix free; three inches 
long, no mesoappendix ; no changes, 

Gall Bladder: Adherent to colon and pylorus by fresh, easily torn, fibrinous 
adhesions. Surface of gall bladder covered by fibrin, beneath which are numerous 
hemorrhagic extravasations into the subperitoneal tissues. Gall bladder wall 
greatly thickened, about 5 to 8 mm, thick, On palpation the bladder apparently 
semi-solid; cystic duct thickened and distended. Lesser peritoneal cavity free. 
Diaphragm at fourth rib on both sides. Slight adhesions about spleen. 

Chest: The entire mediastinal tissue riddled by eechymoses, averaging aboui 
the size of a pinhead. Pericardium studded with the same. Pericardial cavity 
normal. Both pleural sacs free from adhesions. Pleura everywhere studded with 
small ecchymoses, 

Heart and Great Vessels: Normal. Portal system free from thrombi. 

Lungs: Posterior parts of each lung congested and darker than the anterioi 
and contain much fluid. (Probably part is embalmer’s fluid; no clinical indication 
of edema before death.) 

Liver: This is small; weight 1,050 g¢. The margin is two fingers’ breadth 
above costal margin. The right lobe has been superficially hardened by embalm 
ing tluid. The left lobe is not hardened to any extent. The latter is very flabby, 
pinkish gray in color and looks almost as if decomposed. The anterior margin 
is very sharp. Surface discolored to a dirty pinkish-gray color and somewhat 
wrinkled. The right lobe shows the lobular marks with unusual distinctness on 
the external surface, as a fine network of lighter gray lines with reddish hexagonal! 
areas between. The eut surface of the right lobe shows the same mottling as 
seen externally, and is of a light vellow tinge. The left lobe is very distinetly 
vellow; the lobular markings are difficult to distinguish. The consistence is very 
flabby so that the liver can be folded upon itself. The bile ducts and large vessela 
show no evident changes. On pressure on ductus choledochus, a purulent vellow 
uid exudes into the duodenum from the ampulla of Vater. On incision of gall 
bladder a yellow muco-pus escapes. In the bladder are over 100 stones, black, 
hard, varving in size from 3 mm. in diameter down to that of the finest sand. 
The gall bladder wall is 6 mm, thick. There is nearly total obstruction of eystie 
duct near its junction with the hepatic duct by a fibrous occlusion (scar tissue) 
and pressure of a mass of recent fibrous tissue about the duct. The hepatic duct 
seems to be normal. A few stones occur in the ductus choledochus. The latter 
shows an inthammation and swelling of the mucosa, 

Spleen: Apparently normal. Very much hardened by embalming fluid, 

Pancreas: No evinence of fat necrosis, and no other change observed. 

Kidneys: Somewhat hardened by embalming fluid. Normal size. Capsule 
strips normally; no evident pathologic alterations. 

Adrenals: Normal. 

Histologic Findings.- Liver: There is not a normal liver cell to be found, 
and very few, indeed, that are not totally necrotic. At first glance the liver 
resembles an organ that has undergone extensive postmortem decomposition, but 
it is soon seen that only the parenchyma cells have beeen affected, and that there 
are quantitative differences between the conditions in the center and periphery of 
the lobules. The lobules are somewhat reduced in size and only at the very peri 


phery of the lobules can there be found parenchyma cells that show any approach 
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to the normal structure; these cells are never more than one or two layers deep 
from the periportal tissue, and the best of them show cloudy swelling and fine 
granules of fat. Immediately next to these cells is a narrow zone, representing 
a width equal to two to ten liver cells, in which the cells consist of a mere mesh- 
work of fat droplets with no cytoplasm remaining and only exceptionally a 
nucleus. In all the rest of the lobule, which part constitutes from two-thirds 
to four-fifths of the entire radius of each lobule, is total necrosis of the liver 
cells; nothing remains of them but the dead bodies of the cells, deeply stained by 
eosin and evidently greatly reduced both in size and number. There is no throm- 
bosis in the hepatic capillaries, no acute or chronic inflammation, and no evidence 
of alteration in the bile ducts. By sudan IIL the necrotic central cells are found 
rarely to contain small fat droplets, although between them can be found Kupfer 
cells that are quite fatty. The vacuolated zone near the periphery is composed 
of cells containing large amounts of fat, and the ‘nost normal peripheral cells 
show numerous fat droplets, 

Kidney: Epithelium of convoluted tubules is granular and many of the 
tubules are swollen shut, and some contain occasional fat droplets; these are 
especially numerous in the straight collecting tubules. Some of the epithelial cells 
seem to be necrotic. The glomeruli contain a considerable amount of granular 
debris, but otherwise no changes. There is no hemorrhage, acute inflammation or 
connective tissue increase. 

Spleen, Myocardium and Pancreas: No changes found, except a small amount 
of fat in some of the muscle cells of the heart. 

Gall Bladder: Diffuse infiltration of the wall with lymphoid cells, plasma 
cells and some polymorphonuclear leucocytes. 

Chemical Examination of Liver —Immediately after the autopsy the liver was 
eut into thin slices, and 850 grams of the fresh tissue were placed in a large 
volume of 95 per cent. alcohol until thoroughly hardened, and then subjected to 
chemical analysis, the details of which will be published elsewhere.2 The chief 
results of this study may be summarized as follows: Among the water-soluble 
substances obtained by extraction of the liver tissue were considerable quantities 
of free aminoacids, presumably derived from the proteins of the liver cells through 
autodigestion; of these aminoacids there were obtained in pure enough condition 
for identification 0.34 gram of histidin, 0.26 gram of tyrosin; 1.50 grams of 
leucin, 1.57 grams of glycocoll and 0.58 grams of glutamie acid. The presence 
of arginin, lysin, and pyrrolidin-earbonic acid could not be definitely established, 
although there was obtained evidence which indicated that these substances were 
in the extracts. A further indication of the autolytic destruction of the liver 
proteins that was going on in this case was the finding of considerable quantities 
of proteoses, peptones, and probably of polypeptids. Free xanthin and hypoxan- 
thin were also found in the extracts, undoubtedly derived through autolytie disin- 
tegration of the nucleoproteins of the liver cells. There was no inerease in the 
gelatigenous substance of the liver, such as has been observed in acute yellow 
atrophy, since this is the result of regenerative proliferation of connective tissue, 
which had not begun to take place in the chloroform necrosis liver. The composi- 
tion of the insoluble coagulated proteins left after thorough extraction of the 
liver With alcohol, ether, and cold and hot water, was found to be quite the same 
in this liver as in two normal livers, at least so far as the form in which the 
nitrogen is bound; whereas a liver from a typical case of advanced acute yellow 
atrophy showed some loss of diamino-nitrogen. This is shown in the following 
tabie giving the results of analyses of these four cases by Hausmann’s method: 


2, Wells, H. G.: Jour, Biol. Chem., 1908, vol. v. 
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COMPARISON BETWEEN ACUTE ATROPILY, NORMAL AND CHLOROFORM NECROSIS LIVERS, 


Acute Normal Normal Chloroform 

Atrophy. (anemic) (congested) Necrosis. 

Amid nitrogen... : 55 3.7 4.5 3.9 
Humus nitrogen... 3.6 3.4 4.9 5.7 
Diamino nitrogen. . 26.2 32.8 30.0 30.0 
Monamino nitrogen. 64.8 60.3 60.2 60.3 


This same insoluble residue, which consisted chietly of proteins, contained the 
same amount of sulphur as normal liver extracted under the same conditions. The 
amount of iron was slightly increased, presumably because the hemolysis that 
always occurs in jaundice sets free iron-containing pigment which the liver stores 
up. Phosphorus was found increased by three or four times the amount found in 
normal livers, and this in spite of the great destruction of nuclei that had taken 
place. No satisfactory explanation for this increased amount of phosphorus has 
been found. 

There was found 72.4 per cent. of water in this liver, 8 per cent. of fats and 
lipoids and 18.8 per cent. of dry, fat-free solids, which is somewhat different from 
the proportions found in typical acute vellow atrophy, as shown by the following 


table: 
Fat-free 


Dried 
Water. Fat. Substane. 
Normal liver (Quincke) 3.0 20.0 
Normal liver (Wells) .. 77.6 5.0 17.4 
Acute atrophy (Perls). S1.6 8.7 9.7 
Acute atrophy (Perls).. 76.9 7.6 15.5 
Acute atrophy (v. Starck) 80.5 ¢.2 15.5 
Acute atrophy (Taylor) 85.8 2.0 12.3 

Acute atrophy (Wakeman) 79.3 
Acute atrophy (Wells) 83.8 2.5 13.7 
Acute atrophy (Voegtlin) 78.0 64 15.4 
Phosphorus poisoning (v. Starck). H0.0 20.8 10.0 
Fatty degeneration (v, Starck)... 64.0 25.0 11.0 
Chloroform necrosis (Wells) .... 42. 8.8 18.8 


In respect to the amount of water, this chloroform necrosis liver stands bet ween 
the typical acute vellow atrophy liver and the ordinary fatty liver, just as it 
does in its histology; that is, there has been some replacement of water by 
fat, as in the fatty livers, but not so much replacement of protein by water as in 
typical acute yellow atrophy. These figures emphasize the fact that in chloroform 
necrosis the amount of fat is distinctly increased, although not so much is found 
on analysis as might be expected from the microscopic findings. Taylor states that, 
in the chloroform necrosis liver which he examined, there were 200 grams of fat, 
which would be about twice the proportion that was found in my case; unfor- 
tunately he has not published sufficient details of the analysis to furnish the 
accurate information desired. 

The amount of lecithin and cholesterin in this case was found to be not greatly 
different from that present in normal livers, and thus again in marked contrast 
to the liver in acute vellow atrophy, as seen by the accompanying table. 

While the total amount of lecithin has decreased, this is only in proportion to 
the decrease in the total size and weight of the liver; this proportional decrease 
has gone on in spite of a relative increase in the amount of simple fat, showing 
the same lack of correlation between the lecithin and the neutral fat which has 
been observed by others who have determined the lecithin content of organs show 
ing fatty degeneration. Evidently, therefore, the increase in the fat content of the 
liver in chloroform necrosis is due entirely to neutral fats. The cholesterin, on 
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the other hand, has apparently remained in about the normal amount, and has 
not decreased with the lecithin and proteins; this is quite what might be expected 
from what we know of the tendency of cholesterin, when liberated by degenerating 
cells, to remain at the place where it is formed, 


Lecithin. Cholesterin. 


( Anemic) 
Congestion) 


Normal. 
> Normal, 


Fresh weight, per cent Lo 0.26 O37 
Total dry weight, per cent 17 
Dry, fat-free material, per cent. 7.7 12s 2.1 
Ether-soluble substances, per cent 35.3 5.7 7.4 
Grams in entire liver 23.7 38 3.95 


GENERAL CONSIDERATIONS, 


If we examine earefully the cases of “delaved chloroform poisoning,” 
as reported in the literature under various titles, it becomes apparent 
that there are ineluded two fairly distinet types of cases resulting from 
the same cause, and that these types differ both clinically and anatomic- 
ally. In one set the patient is usually a child; the clinical manifesta- 
tions are vomiting, restlessness or extreme excitement, terminating in 
coma, frequently more or less evanosis, and sometimes definite air hun- 
ver, a sweetish odor of the breath and acetone bodies present in the 
urine in most of the cases in which they were sought for; in other words, 
the symptoms resemble in many respects “acidemia” or “acetonemia,” 
under which titles rian of these cases have been described. The liver 
in these cases generally shows more or less fatty change; usually when 
deseribed carefully the fat is said to have been chiefly in the periphery 
of the lobules, and there is no mention of necrosis of the hepatic cells in 
the published accounts of these cases. Generally, fatty degeneration and 
nore or less acute parenchymatous degeneration, sometimes even severe 
necrosis, are found to have taken place in the kidney. In practically 
none of these cases has jaundice been observed, and the liver changes 
have not usually been very severe. To this group belong all but perhaps 
one or two of the cases described by Guthrie, and the cases of Brackett. 
Brewer, and Telford and Falconer. 

Quite different from this group are the cases of Stocker, Bandler, 
Erlach, Marthen, Mintz, Ballin, Campbell-Horsfall, Guleke, Cushing, 
‘Tavlor, Holmes and the one described in this report. Here the clinical 
picture at first is rather similar to the first group, in that the onset is 
usually with restlessness, excitation, and delirium, which passes into 
However, in place of those symptoms which are usually consid- 


coma. 
ered as manifestations of acetonemia, there appears a rapidly developing 
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jaundice, which toward the end is generally very severe. Associated 
with this jaundice are frequently observed cutaneous hemorrhages. The 
manifestations resemble in every respect a severe cholemia, associated in 
some cases with the finding of leucin and tyrosin crystals in the urine. 
Consequently several of these cases have been reported under the title 
of “acute yellow atrophy of the liver,” which diagnosis is supported in 
the main by the anatomic findings at autopsy. The liver is usually 
decreased greatly in size, with wrinkled capsule, friable consistence, and 
vellowish or red and yellow discoloration; often the organ is so severely 
disorganized, as in the cases of Taylor and the one here reported, that 
it may be best described as “putty-like.” While there is always more or 
less fatty increase, this is usually more apparent than real, much of the 
vellow color commonly described as “fatty degeneration” being due to 
bile pigments; necrosis is the predominant change, beginning in the 
center of the lobules, as in typical “idiopathic” acute yellow atrophy. 

I have had the opportunity to study the histologic appearance of 
three typical cases of this kind, including one that was reported by Dr. 
Bayard Holmes* and, through the kindness of Dr. Hektoen, the case 
reported by Drs. Bevan and Favill, and the resemblance of the findings 
in all three is very striking. As compared with the histologic picture 
deseribed above in connection with the case which is the subject of this 
report, the differences are but slight. The Holmes case differs only in 
having a slightly wider zone of well-preserved cells in the periphery and 
in the presence of more leucocytes, especially at the junction of the fatty 
and the necrotic zones. In the case of Bevan and Favill, which clini- 
cally was without jaundice or other evidence of hepatic involvement, the 
fatty zone is very much wider, and the necrotic central cells contain 
more numerous and larger fat droplets : the. size of each lobule is. if 
anything, increased rather than shrunken. But, taken all together, the 
histologic picture is strikingly similar in all three livers, practical] 
identical in fact, and indicates the specificity of the effects of chloroform 
on the liver. 

This necrosis is associated with rapid autolysis of the dead cells, so 
that in my case the weight of the liver had fallen in four davs toe 1,050 
grams, presumably from a normal weight of from 1,600 to 1s00 grams. 
As a result of this autolysis, leucin and tyrosin may appear in the urine, 
and free amino-acids may be found in extracts from the liver itself. Of; 
particular interest is the fact that in all the reported cases of this type. 
as far as I can find, the patients were adults, varving from 20 to 42 vears 
of age; whereas, in the acetonemia type, the patients were nearly all 
young children. The Bevan and Favill case, in “a girl, aged 1214 years. 


3. Holmes, Bayard: Appendicitis, 1904, p. 214. 
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with the stature of a woman,” seems to lie at the border line between the 
two groups, for clinically there was no jaundice and the manifestations 
were of the “acetonemia” type, but histologically the liver, which was 
enlarged rather than shrunken, showed a considerable amount of central 
necrosis, although the fatty changes were more marked than in either of 
the other two cases that [ have studied, and the necrosis and autolysis a 
little less extensive. 

Both sexes are represented in each type, with perhaps a slight pre- 
ponderance of females. Why there should be this difference in the re- 
sults of delayed chloroform poisoning in children and in adults [I do not 
know, but the number of cases reported is too large to make it seem 
purely a matter of coincidence. Nearly all reported cases of fatal de- 
laved chloroform poisoning seem to have occurred in the young, only 
two or three patients having reached the forties. Consequently there 
appears to be some difference in the liver or in the entire organism be- 
tween youth and later life that determines this susceptibility to chloro- 
form. In young adults the susceptibility of the liver seems to be par- 
ticularly great, so that severe necrosis of this organ, with symptoms of 
hepatic insufficiency, dominates the anatomic and clinical picture. 

The changes in the liver, in this second type of delayed chloroform 
poisoning, are not essentially different from the changes in the early 
stages of acute yellow atrophy, except that there seems to be a more 
extensive fatty degeneration and infiltration. In true acute yellow 
atrophy there is no distinct increase in the proportion of fatty matter 
in the liver, while the total amount of fat is decreased more or less 
from the normal, along with the general loss of hepatic substance. In 
chloroform necrosis there is always more or less fatty metamorphosis 
noticed microscopically, and in the two cases in which the fat was ex- 
tracted and weighed, Taylor’s and my own, the amount of fat was dis- 
tinctly increased above normal. It is possible that if one were to secure 
a liver in chloroform necrosis as long after the onset of the hepatic in- 
jury as is the case with acute vellow atrophy, where death occurs usually 
only after weeks rather than days, the changes might be found still more 
similar, for I have found that it is possible for a fatty liver to lose much 
of its fat and to have the fat replaced by fluid during the healing stages 
of the hepatic lesions produced by hydrazine poisoning.* However, even 
with this disparity of time, the results of analysis of a liver in idio- 
pathic acute yellow atrophy of several weeks’ duration are, on the whole. 
very similar to those obtained with this chloroform necrosis liver,’ and 


4. Wells, H. G.: Pathologie Anatomy of Hydrazine Poisoning, Jour. Exper. 
Med., 1908, x, No. 4. 

5. Wells, H. G.: Chemistry of the Liver in Acute Yellow Atrophy, Jour. 
Exper. Med., 1907, ix, 627. 
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] can not take issue with those who have diagnosed their cases of delaved 


chloroform necrosis as acute yellow atrophy. Nevertheless, I believe 


that it would be well to reserve this term for those cases of hepatic 
atrophy which occur without evident cause, and which are characterized 
by a widespread necrosis of the liver cells without fatty metamorphosis, 
followed by rapid autolysis and removal of the necrotic cells, and early 
proliferative activity of the interstitial tissues and the bile duct epithe- 
lium. As a particular characteristic of this disease should be mentioned 
the fact that the organs other than the liver seem scarcely to suffer at 
all or only secondarily to the hepatic insufliciency. Chloroform necrosis, 
puerperal eclampsia, and certain violent septicemias, produce changes in 
the liver that are more or less similar to those described above, but never 
quite the same, especially in the relatively great injury of other organs 
and the extent of fatty changes in the liver; therefore, L believe that 
we would do best to refer to these several forms of hepatic necrosis by 
the names of the condition causing them, considering the typical “idio- 
pathie acute vellow atrophy” as a pathologie entity, which perhaps may 
he found to have a specific cause, 

As to the reason for the severe effects that chloroform sometimes 
produces on the liver, some time ago I advanced a hypothesis somewhat 
as follows :° 

Chloroform is a protoplasmic poison for cells of all kinds, stopping their syn 
thetic activities but not seriously impairing their autolytic enzymes. This we 
see if we add chloroform to a culture or emulsion of bacteria, the cells at once 
die and begin to undergo autolysis. In view of the nature of the changes that 
oceur in the liver in chloroform necrosis it seems probable that a similar effect 
has been produced by the chloroform upon the liver cells, that is, their synthetic 
activities are checked, and autolysis goes on unbalanced by constructive processes, 
Presumably it is the oxidative enzymes that are chietly affected by chloroform, 
for, if these were destroyed, the resulting changes would be exactly what we 
observe taking place in chloroform necrosis; that is, the lipase would act unbal 
anced by the normal oxidative destruction of fatty acid and glycerin and so fat 
would accumulate in the cell, while at the same time synthetie changes, which 
seem to depend upon oxidative processes and the correlated reductions, would be 
stopped, and autolysis would assume the upper hand. While at the present time 
we have no means of determining the correctness of this hypothesis, still it ean 
be said that nothing that is not in harmony with this theorization has yet been 
learned concerning the processes that take place in chloroform necrosis. Chemical 
analysis has merely corroborated the anatomic evidence of autoloysis and fat 
increase in the liver cells, 

Just why the liver should only occasionally suffer this serious injury 
from chloroform is still unexplained. Although in my own case it is 
probable that excessively free administration of chloroform may have 
heen of influence, in many of the recorded cases this explanation has not 
been available, for often it is stated specifically that only a small amount 


6. Wells, H. G.: Delayed Chloroform Poisoning and Allied Conditions. Jour. 
Am. Med, Ass’n., Feb, 3, 1906, xlvi, 341. 
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of chloroform has been used. There is abundant evidence that anything 
that impairs oxidation favors the occurrence of chloroform poisoning, 
and diseases that are prone to affect the liver, especially those that of 
themselves frequently cause fatty changes in the liver, are said, by all 
who have studied delayed chloroform poisoning, to be important predis- 
posing factors. As a possible explanation of this apparent relation of 
pre-existing fatty changes in the liver to chloroform necrosis of the 
same organ, | would make the following suggestion: 

Chloroform, like other anesthetics, seems to owe its effect on the 
nervous system to the fact that it is a strong fat solvent, and hence is 
taken up by the lipeids of the nervous tissues. This fact was first 
brought out by Overton and Meyer. The amount of chloroform that a 
tissue will take up, therefore, depends on the amount of fatty material 
in it which can dissolve the chloroform out of the blood; this is on the 
same principle as the method used in the laboratory for separating 
substances of different solubility in water and ether, water and chloro- 
form, or other immiscible liquids, for the substance in solution distrib- 
utes itself between the two solvents according to its solubility in each. 
This phenomenon is manifested when anesthetics are administered to 
obese persons, whose fatty tissue absorbs so much of the anesthetic that 
it requires a correspondingly larger amount to affect the nervous system. 
It would seem probable, therefore, that a fatty liver would abstract much 
more chloroform from the blood than a normal liver, and that this 
chloreform would thus act more strongly and for a longer time on the 
protoplasin of the fatty liver cells than it would in a normal liver. 

As to the facet that the necrosis observed in these livers is in’ the 
center of the lobules, and that the fattv changes are sometimes central 
and sometimes peripheral, it would be hazardous to offer an explanation. 
This distribution of the hepatic lesions in the lobule is always a puz- 
zling question, for, although we can construct explanations on the basis 
of the fact that poisons first reach the lobule at its periphery and that 
the oxvgen supply is poorest at the center, yet we always find that excep- 
tions are so abundant for any rule we may attempt to formulate that 
our attempted explanations of the observed facts have no value. For 
example, in phosphorus poisoning in most of the lower animals we find 
the fatty changes beginning at the periphery of the lobule; vet in 
monkeys and apes the changes are said to be central; furthermore, an- 
other steatogenetic poison, hydrazine, always produces the fatty changes 
in the center of the lobule in the same animals in which phosphorus 


attacks the periphery. 
The necrosis of the liver in puerperal eclampsia is ordinarily periph- 
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eral, and is ascribed to capillary thrombosis. Mulzer? found that 
chloroform administered to rabbits rapidly produces fibrinous thrombi 
in the capillaries, especially of the lungs, but also in the liver and kid- 
nevs. These thrombi are probably initiated by the clumping of injured 
red corpuscles, and their development is favored by the increased coagu- 
lability of the blood, which develops during the anesthesia. It is well 
known that injection of substances that cause agglutination of the red 
corpuscles produces extensive necrosis of the liver tissue, but the dis- 
tribution and appearance of the lesions produced by agglutination 
thrombi are quite dissimilar to the lesions of chleroform necrosis. — In 
my own specimens, from two cases, | was unable to demonstrate capil- 
lary thrombi by Weigert’s fibrin stain, and in other cases in the litera- 
ture the report of the pathologic anatomy is far too incomplete to per- 
mit one to judge as to the presence or absence of such thrombi. Of 
course, it might be possible to explain the anatomic and clinical findings 
on the basis of capillary thrombosis, if this existed to a sufficient extent, 
but so far there is no evidence of the occurrence of such a process. It 
has been suggested that chloroform lowers the normal power of the 
blood to inhibit autolysis, and if this were extensive enough it might 
account for the sudden autolysis of the liver that appears in chloroform 
poisoning. Studies of the inhibiting power of the serum of animals 
during chloroform anesthesia might throw some light on this. 

Two therapeutic hints that have recently appeared seem to be well 
enough supported by the pathologic and clinical observations to be re- 
ferred to in closing. J. 1. Lyons, of Seattle, in discussing the treat- 
ment of puerperal eclampsia,* objects to the prevalent custom of sup- 
pressing the convulsions by the use of chloroform, often for long periods 
of time. The similarity of the effects of chloroform and puerperal 
eclampsia on the liver, and the well-established fact that pre-existing 
injury to the liver predisposes to delaved chloroform necrosis, are cer- 
tainly weighty reasons for this caution. It is also quite probable that 
chloral is not altogether a safe sedative in eases of this kind. since it is 
known to produce changes in the liver similar to those caused by chloro- 
form. Beddard® suggests that in the treatment of chloroform necrosis, 
and more especially for its prevention in cases where it is deemed neces- 


sary to use chloroform in spite of possible existing disease of the liver. 


7. Mulzer: Die Auftreten intravitaler Gerrinungen und Thrombosen in dei 
Gefiissen innerer Organe nach Aether-und Chloroformnarkosen.  Miinchen med. 
Wehnsehr., 1907, liv, 408, 

8. Lyons, J. H.: Northwest Med., December, 1906. 

% Beddard, A, P.: A Suggestion for Treatment in Delayed Chloroform Poi 
soning, Lancet, March 14, 1908, p. 782. 
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the administration of glucose may be of value. This suggestion is based 
on Rosenfeld’s view that poisoned hepatie cells can utilize carbohydrates 
well, but proteins and fats only poorly, and that consequently when the 
cells have used up their meager store of carbohydrate they are unable to 
utilize the proteins and fats that are available, and hence undergo starva- 
tion and death. Experiments have shown that feeding of dextrose to ani- 
mals lessens the amount of fatty degeneration which results from phos- 
phorus poisoning, and presumably it should have some similar effect in 
chloreform poisoning. 
SUMMARY. 


The cases of delayed chloroform poisoning described in the litera- 
ture apparently tend to group themselves into two classes. In one, 
which affeets chiefly children, the svmptoms are those of “acidemia” 
or “acetonemia,” without jaundice, and in these cases the changes of the 
liver are not so very marked, consisting, according to the published de- 
scriptions, chiefly of fatty degenerations about the periphery of the liver 
lobules. The other type is observed chiefly in young adults, and clini- 
cally is marked by profound jaundice, cholemia, hemorrhages, and the 
usual symptom-complex of a rapidly fatal acute yellow atrophy of the 
liver; anatomically the liver appears much as it does in acute vellow 
atrophy, being reduced in size, flabby, vellow and showing microscopically 
un extreme degree of necrosis, beginning in the center of the lobule, with 
more or less peripheral fatty degeneration. Intermediate cases occur 
that do not fall distinctly into one or the other of the two types. Histo- 
logic study of these cases of the second type, to which the name “chloro- 
form necrosis of the liver” may be appropriately applied, shows a strik- 
ing constancy of structural changes; these consist of total necrosis of all 
the liver cells, except those at the periphery of the lobule, with autolytie 
disintegration of the necrotic cells, and fatty degeneration of those cells 
that are not necrotic. The capillaries and bile vessels do not seem to be 
affected; there is no thrombosis and no inflammation or proliferative 
reaction. Chemical analysis corroborates the histologic evidence of fatty 
changes and autolysis, there being found a slightly increased amount of 
fat. and the presence of considerable quantities of free amino-acids, 
purins, proteoses, peptones and polypeptids, derived from the autolysis 
of the cells. 

The condition in the second set of cases resembles very closely that of 
typical acute vellow atrophy of the liver, except in the greater tendency 


to fatty changes. Nevertheless, it seems best for the present to reserve 


the term acute vellow atrophy to that form of liver necrosis and autolysis 
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which occurs “idiopathically,” and which presents certain features differ- 
ent from chloroform necrosis, puerperal eclampsia and phosphorus poi- 
soning, and which is possibly due to some specific cause. The fact that 
chloroform seems particularly to affect livers in which fatty degeneration 
has been previously produced by some other disorder, may possibly be 
due to the known absorption of chloroform by intracellular fats, which 
in this case would increase the concentration and duration of action of 
the chloroform in the degenerated liver cells. Chloroform is a violent 
protoplasmic poison and, if it were to inhibit or destroy the oxidizing 
enzymes of the liver cells, the results would presumably be quite the 
same as those characteristic of chloroform necrosis; hence it seems prob- 
able that chloroform produces its effects by acting on the oxidizing 
enzymes, without corresponding inhibition of the autolytic enzymes and 
the lipase of the cells. 

University of Chicago. 
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MORPHOLOGY OF THE BLOOD IN PERTUSSIS.* 


JOSEPH H. BARACH, M.D. 
PITTSBURG, PA, 
HISTORICAL. 

To Frélich' of Breslau belongs the credit of having first called atten- 
tion to the blood in pertussis. During an epidemic of this disease in the 
summer of 1897, he examined the blood in fifty-five cases, making total 
leucocyte counts in all the cases and differential counts in fifteen. In 
one case he made three counts during three consecutive weeks and in 
another two counts; in all the other cases the patients were examined 
but once. 

Summarizing his results, he says, in conclusion, that in this disease 
there is a constant leucocytosis and lymphoeytosis which in individual 
cases may show high values. The highest counts were noted when the 
number and severity of the coughing spells reached their maximum, and 
with the disappearance of these the leucocytosis disappeared. He con- 
sidered, however, that the blood examination would be of no great value 
because the changes can not be shown early enough in the disease. He 
also said that complications have no material effect on the number of 
leucocytes. In making these examinations he was careful to take the 
blood at a time of day so as to exclude the physiologie digestive leuco- 
ceytosis, 

With the patients making up these fifty-five cases, eight other chil- 
dren were brought to the dispensary by their parents to be treated for 
whooping-cough ; these patients did not have the disease and their blood 
showed an absence of the characteristic changes. 

In 1898 Meunier? examined the blood in thirty cases of pertussis, 
making 102 enumerations and ten differential counts. He says that the 
leucocytosis reaches a higher figure than in any other non-febrile affee- 
tion of children. The leucocytosis comes early—in some eases occurring 
in the catarrhal stage, reaching its height thereafter, diminishing ir- 
regularly, and its complete disappearance is not realized until after the 
end of the whooping period. The leucocytosis is more intense among 


"Read by invitation before the Academy of Medicine, Nov. 12, 1907. 
Jahr. f. Kindhlk., IS97, xliv, 59. 
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infants of 2 or 3 vears., and complications have a moderate influence on 
the count. The increase of the leucoeytes, he savs, is due to the increase 
of the lymphoeytes, so that the usual blood formula is reversed. During 
the time of increasing leucocytosis he figures that the polynuclears are 
doubled, the lymphocytes quadrupled, transitionals tripled and the eosin- 
ophiles not affected. 

De Amici and Pacchioni.’ in 1899, examined the blood in eighteen 
eases, On studying their tables I find that, while in three cases they 
made more than three examinations in each case, vet not in one instance 
did they examine the same child in the three stages of the disease. They 
eliminated digestive leucocytosis. To eliminate a possible mechanical 
element in the causation of this leucocytosis they put some of the chil- 
dren under partial ether anesthesia so that there would be no spasmodic 
coughing at the time that the blood was taken—and from their results 
were satisfied that the spasmodic coughing itself had nothing to do with 
the cause of the leucocytosis. 

From their studies they conclude that there is in the disease a con- 
stant leucocytosis which begins early and continues for a long time after 
the height of the disease. As a rule, in the first and second stages, there 
will be found more lymphocytes and in the declining stage a prevalence 
of polynuclears. They also lay stress on the diagnostic value of the blood 
examination, because these findings are distinctive and different from 
those of any of the other respiratory affections with which the disease 
may be confused. 

Stengel and White,‘ in 1901, examined three patients with pertussis 
and found a leucocytosis and lymphocytosis in each of them. Wan- 
stall,® in 1903, reports the findings in fifteen cases of pertussis. He made 
leucocyte counts in but five of these cases and differential counts in all. 
In examining nineteen children he found that the fifteen patients with 
pertussis presented more lymphocytes, while the four that proved not to 
have pertussis showed more polynuclears. 

Cases have been reported by Cabot® and Stevens? in which very high 
leucocyte counts have been found. Muggia and Bertolotti,S in 1904, 
treated twenty-five patients with pertussis with inhalations of ozone, 
from which they claimed highly beneficial results. To prove that this 

3. Clin. Med, Ital., 1899, xxwxiv, 52. 
4. Univ. Penn, Med. Bull., 1902, xiv, 318. 
Am. Med., 1903, v. 62. 
6. “Clinical Examination of the Blood.” 
. Lancet, 1902, ii, 791. 
8. Riv. de Clin, Ped., February, 1905, 
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benefit was from the antispasmodic action of the ozone rather than from 
an antitoxic or antimicrobie action, they set about to examine the blood 
in a number of these cases. Their findings were: Hyperleucocytosis 
with predominance of mononuclear cells. These predominating cells 
they classified as large mononuclears. Their object, however, being the 
study of the effect from the ozone, they say that “ozone does not change 
the blood formula, and its action is antispasmodic.” 

It is interesting to note here that in three severe cases they performed 
lumbar puncture, and found an increased pressure. When from 15 to 20 
c.c. of fluid was removed there was a marked clinical improvement, and 
the fluid contained an excess of lymphocytes, 

In 1905 Grulee and Phemister® examined the blood in fifteen cases, 
making one leucocyte and differential count each in the paroxysmal 
stage of fourteen and one in case at the end of the catarrhal stage. They 
conclude that there is a leucocytosis in all stages of the disease, increas- 
ing with the increasing frequency of paroxvsms and decreasing when the 
paroxysms become less frequent and severe. According to their method of 
classification, they found that in the one case examined in the catarrhal 
stage the lymphocytosis was due to the small lymphocytes and in the 
other cases the lymphocytosis was due to the large lymphocytes. 

In 1906 Churchill’ reported on the examination of thirty-six cases, 
making leucocyte and differential counts in all. Out of sixteen cases in 
the catarrhal stage, fifteen of the patients showed a lymphocytosis. In 
complicated cases he found a reversion of the blood formula from the 
prominence of the lymphocytes to that of the polynuclears. From his 
own work and a complete study of the literature, which at that time con- 
sisted entirely of 100 cases, he says, in concluding, that from the catar- 
rhal stage on there is a leucoecytosis and lymphocytosis which distin- 
guishes this disease from others with which it may be confounded. 

Considering all of this evidence, we may deduce therefrom that in 
this disease a leucocytosis due to the lymphocytes begins in the catarrhal 
stage of the disease, attains its height in the paroxysmal stage and then 
gradually declines with the subsidence of the clinical symptoms. Com- 
plications may or may not alter the whooping-cough formula; the pre- 
dominating opinion is that this formula is of value in the diagnosis of 
the earlier stages of the disease, 

This evidence still left much to be desired to a better understanding 
of the interesting blood change. Nearly all of the cases reported by the 
above investigators were those of patients brought to the outdoor clinics. 


9. Arch, Pediat., N. Y., 1905, xxii, 595-599, 
10. Jour. Am. Med. Assn., 1906, xlvi, 1506. 
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Over these children they had no control and most of them were examined 

but once. The findings in the catarrhal stage of the disease had to be 

compared with the findings in the paroxysmal stage of others and with 

the declining stage of still other children. The personal equation of each 

case was lost, and the less prominent changes were entirely overlooked. 
THE AUTHOR'S CASES. 

During the epidemic of whooping-cough which began in January, 
1907, I had the opportunity of studying the blood-picture in this disease 
and endeavored to carry out the work systematically and more extensive- 
ly than it had been done before. To do this I traced the probable date at 
which the patients were first exposed, the time when they first coughed, 
when they began to whoop and when the coughing ameliorated. 


TABLE 1.—Conrrot Cases. 


Case Leuco- Polynu Lymphocytes Transi- Eosino- 
No. Age. cytes. clears. Small. Large. tionals, philes. 
l ly, 10,370 61.0 30.5 4.5 1.0 3.0 
2 2 15,280 73.0 23.0 3.5 0.5 0.0 
3 11,000 S25 115 5.5 0.5 0.0 
4 3 12,600 47.5 45.5 5.5 0.0 1.5 
5 3 13,300 G65 26.5 4.5 00 2.5 
6 3 11.160 53.5 40.5 3.0 0.0 3.0 
7 10.720 34.5 4.0 O05 
8 4 11.300 28.0 55.0 3.0 1.0 13.0 
9 4 10.600 37.5 58.0 1.0 O05 3.0 
10 4 7.250 62.0 27.5 5.5 0.0 5.0 
1] 4 6.800 48.6 45.6 3.6 0.6 1.3 
12 4 10,000 54.6 39.1 3.6 0.3 2.6 
13 4 17.000 45.1 41.5 1.6 0.3 11.6 
14 4 8.600 59.6 52.4 2.8 0.0 §.2 
15 4 12.940 32.5 51.3 4.5 1.8 10.0 
16 5 11.200 50” 42.0 5.0 0.0 3.0 
17 5 18.300 46.5 45.5 35 0.0 4.5 
1s 5 11.420 510 38.0 4.6 0.6 5.6 
WwW 6 9 500 4.0 
20 11.000 20.5 2.5 0.0 8.0 
21 14.600 60.0 33.5 4.5 0.0 1.5 
92 6 T.000 51.25 39.75 0.25 1.0 
23 6 7.200 61.50 32.5 3.0 0.0 3.0 
24 6 10.700 635.0 31.5 3.5 05 15 
95 6 9.000 65.6 28.3 1.6 2.0 1.6 
24 6 8.120 61.0 31.5 2.5 1.0 4.0 
97 4 10.000 69.0 932.5 3.5 0.0 5.0 
28 7 9.000 62.5 26.5 7.0 1.0 3.0 
29 7 10.400 71.0 23.0 4.0 1.0 1.0 
Average....... 10.567 55.74 35.92 4.06 0.54 3.7 


The cases are thus classified and in almost each instance a typical 
cycle can be seen to have occurred. In this way I studied the blood in 
fiftv cases, and my findings are uniform enough to assure the value of 
the blood examination in diagnosis and to establish the blood-picture for 


the disease. 
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The children in which the disease occurred were of the usual whoop- 
ing-cough age, the greater part of them being institution children pre- 
viously healthy. Although such children often come from the lower 
walks of life and have hereditary taints and predispositions, and being 
institution children live in hygienic surroundings not so good as those 
enjoyed by children in private homes, yet the results were in no way 
different from those in cases which occurred in the families of the mem- 
hers of the Academy, whose children represent the highest grade of child 
life. 

These facts assure me beyond doubt that the reaction of the organism 
to the pertussis infection takes place in a definite way and is associatsd 
with certain specific manifestations, Of these, the change in the blood 
formula is one feature. 


TABLE 2.—AveRAGeE at DIFFERENT AGEs. 


Age. 

45.26 44.06 3.7 0.62 6.6 
31.28 3.5 O84 3.0 
9,800 67.3 24.0 4.8 0.6 1.5 


For the sake of brevity I will tabulate in detail only the first thirty 
cases of this series; not picked cases, but the first thirty that came under 
my observation. As may be seen (Table 4) the first twenty-nine cases 
occurred in children from 114 to 7 years, inclusive, and the thirtieth 
case occurred in a lady 72 years of age, the mother of a physician. This 
case I will mention separately. For the normal controls I have made 
blood counts in healthy children of the same age, living under exactly 
the same circumstances (Table 1). 

As is well known, during the first seven vears of life there is a pro- 
gressive fall in the number of leucocytes, a gradual decrease in the pro- 
portion of lymphocytes, and a simultaneous increase of the polynuclears 
in the circulatory blood. This is distinctly seen in the table of the con- 
trol cases, excepting in children of the first three vears of life. This 
error, L believe, is entirely due to the small number of cases included. 
Table 3 gives the average of the control cases at their relative ages. 

THE TABULATED RESULTS, 

We might compare the individual cases at their relative ages, but, for 
the sake of brevity. L have arranged each of these tables with sum-totals 
and averages, and the results are distinct and characteristic. The blood 
was taken always before meal time, so as to eliminate digestive leuco- 
cytosis. 

Table 1 shows the counts in the control cases. 

Table 2 shows the average counts of the healthy children at their 
relative ages. 
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Table 3 shows the counts in those cases of the series in which thi { 
first blood examination was made within the first week of the coughing. 
at the clinical onset of the disease. 
t 


TABLE 3.—Ar ONseT. 


Case Leuco- Polynu Lymphocytes Transi Kosine 
No. Age. cytes, clears. Small. Large. tionals, philes 
1 ]1., 30.250 65.3 27.6 4.3 20 0.3 | 
10 4 11,760 46.0 47.0 5.0 AD 2 
1] 4 12.000 10.0 13 | 
12 4 17.600 54.5 39.0 4.0) 0.0 2.5 
13 4 28.000 47.5 41.40 45 Lo 4.) 
15 4 18.100 40.0 41.0 9.0 10 ow 
17 4 9750 35.0 52.0 6.0 30) 10 
20 6 15.660 37.3 52.6 5.1 2.0 3 
2. 6 7.300 47.5 45.5 3.0 05 3.4 
6 000 710 4.0 | 
24 6 10,500 31.5 53.5 7.5 3.0 15 
25 6 16.000 40.0 52.0 3.0 3.0 20) { 
26 6 12.050 43.0 43.0 5.0 on a0 H 
7 23.800 63.0 31.0 4.0 10 10 
Average....... 17.539 50.06 40.19 5.02 142 3.02 
TABLE 4.—Ar 
Case Leuco- Polynu- Lymphocytes Transi Eosino 
No. Age. cytes, clears. Small. Large. tionals, phile~ 
11, 20,400 49.0 42.0 8.0 05 
2 2 40.400 97.5 65.5 4.5 05 20 
3 2 32.250 31.5 15 1.5 
4 2 14.880 33.0 48.5 13.5 1.0 44 i 
5 2 SS.300 67.5 3.25 0.25 15 
6 3 21.200 0 60.0 5.0 O5 6.5 
7 3 42,720 24.5 60.0 4.0 20 
8 4 36,600 34.5 50.5 4.0 1.0 10 
9 4 13.300 7.0 8.0 1.0 5 
4 10.220 47.0 7.0 
4 25.800 500 44.5 8.5 24) 
lz 4 10.800 54.0 15 
14 4 14.280 35.5 49.0 12.0 O05 3. 
15 4 26.240 46.0 2.5 0.0 5 
16 4 10.500 35.0 40.0 5a 0.0 11.0 
17 15.000 47.5 44.0 1.0 1.5 30 
Is 5 11.850 49.0 41.5 
6 10.800 {0.0 47.0 0 
41.750 414 54.6 0.3 O38 
21 6 16.200 45.5 39.0 7.5 05 7.5 
22 23.500 38.0 47.0 re 6.0 
23 13.280 90 7.0 j 
24 6 490.280 62.0 10 
25 400 44.0 11.0 20 40 
6 9.700 30.0 50.0 13.0 20 54 
27 7 13.300 33.5 53.5 4.0 1.0 8.0 Hl 
28 rf 20,000 29.0 60.0 7.0 1.0 3.0 4 
on 34.160 40.0 15.0 1.0 15 
30 72 7.000 32.0 50.0 1.4 
Average 22 51.52 6.10 0.78 3.50 
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Table 4 shows the counts at the height of the disease in the spas- 
modie stage. The highest counts are seen in those patients who my 
noies show to have been the sickest children. 

Table 5 shows the counts in those cases in which clinically the pa- 
tients showed a marked improvement. The average time in which the 


coughing subsided was two months and eleven davs. 


TABLE 5.—Markep IMPROVEMENT. 


Case Leuco- Polynu- Lymphocytes Transi- Eosino- 
No. Age. evtes, clears. Small. Large. tionals, philes. 
l ly, 5.000 44.0 15.0 60 2.0 3.0 
2 3 10,500 56.0 27.0 10 1.0 15.0 
3 2 9.200 45.0 38.0 11.0 3.0 3.0 
4 2 12.000 38.0 47.0 $5 O5 10.0 
5 2 20,200 40.0 52.0 55 10 1.5 
3 10,400 44.0 $2.5 8.0 10 4.5 
7 3 6.200 50.0 48.0 10 1.0 0.0 
15.500 510 34.0 5.5 9.0 
9 4 7.500 42.0 53.0 20 1.0 2.0 
10 6.500 48.0 40.0 0 |] 6.0 
1] 9.400 45.5 14.0 2.0 2.5 6.0 
12 4 13.860 PO5 50 2.5 3.0 
13 ' 11,700 47.0 42.0 6.5 1.0 3.5 
14 1 12.200 45.0 47.0 4.0 0.0 4.0 
13.300 48.3 45.0 26 0.0 40 
7.800 61.0 20. 6.0 0.0 4.0 
17 5 14.200 42.0 42.5 6.0 10 8.5 
18 5 8.500 50.0 40.0 5.0 1.0 4.0 
6 10.000 57.5 2.5 65 
11.750 550 35.0 6.0 0.0 3.5 
| 6 8.160 49.0 10.0 20 4.0 50 
23 6 11.520 49.0 38.0 3.0 20 8.0 
23 6 10.200 35.0 rn 10.0 on 6.0 
a4 7.00 37.0 4.0 20 
95 6 S460 18.0 2.0 6.0 
7.800 45.5 42.5 65 1.0 45 
oT 7 12.000 48.5 38.0 5A 1.0 7.5 
28 7 9.000 550 10.0 2.0 0.0 3.0 
7 15.428 77.0 3 00 20 
an 79 8.250 57.0 97.5 3.5 3.5 8.5 

Average 10.451 19.5 39.61 5.1 1.21 5.35 


Table 6 shows the counts in the same children after they had heen 
in the country from June to October: at the end of that time they were 
comparatively in good health. 

THE BLOOD-COUNT. 

I will now consider the various elements in the blood-count and the 
course that they pursued. The control will be Table 4. 

The Leucocytes as a Whole-—Within a week of the first cough there 
is a marked leucoeytosis, before the change in the differential formula is 


really noticeable. The leucoeytosis steadily increases, reaches its height 
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in the spasmodic change and then falls by lysis. 


The average time in 


which the leucocytes returned to about their normal number was three 


months and fifteen days after the onset. 


The Polynuclears.—Relatively they seem to fall in number, but 


solutely they are increased in a moderate degree. 


TABLE 6.—Eicur Montius Later. 


Case Leu 
No. Age. cytes, 
ly, 10.560 
2 2 
3 2 
4 1) 
2 
3 9.500 
9 6.800 
10 4 S.S00 
11 4 14.300 
12 12.200 
13 4 7.800 
l4 10,500 
15 20.750 
16 8.060 
17 5 6.200 
5 10.900 
19 6 9.500 
S.500 
21 6 9.200 
22 6 14.300 
23 
24 6 11.600 
25 10.600 
6 
37 7 
28 7 L300 
7 12,100 
30 
Average 
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lvinphoeytosis, nor vice versa, In one case a count showed 18 per cent. 
‘This was the highest. Nothing else could be associated with it either in 
the blood-picture or clinically. On carefully studying these cells I find 
that their numbers are highest at a period which does not exactly coin- 
cide with that at which the small lymphocytes are most numerous; it 
appears to be slightly later. This might mean that these cells represent 
the final reaction of the lymphocytes or perhaps of the tissues from 
which these cells are derived, to the pertussis infection. While it is Table 
! that shows their highest numbers, vet that is not the time when they 
reached their yreatest height. These tables show only four of the aver- 
age number of eight counts that were made in each case. 

The Transitionals.—The course of these cells seemed very irregular. 
They were distinctly less numerous during the height of the lympho- 
cytosis, and comparison with each of the other elements at the different 
stages of the disease reveals nothing. 

The Eosino ph iles.—The role played by the eosinophiles is distinctive. 
At the beginning and during the lymphocytosis they are present in 
about their normal proportions. Somewhere near the third month of the 
disease, at about the time of recovery, an eosinophilia begins and may 
continue for several months. In Table 5, which represents the time of 
marked improvement, out of the thirty cases, twenty of the patients had 
an eosinophilia averaging 6.75 per cent. Of the remaining ten cases, 
seven of the patients showed an average count of 3.16 per cent, on the 
examination immediately before or after the time of the examination in 
the other cases. This leaves but three cases out of the thirty that at the 
time of recovery did not present an eosinophile count distinctly above the 
normal. 

On studying the contro! table (Table 1) we find that the apparently 
healthy children present a variation of from 1 to 15 per cent. of eosino- 
philes. Yet the regularity with which the increase of eosinophiles above 
their normal average proportion occurs in the disease at the time of re- 
covery leads me to believe that the eosinophile has a part of its own In 
this blood cvele. 

These are the more commonly recognized elements of the differential 
blood count, but in these examinations I have often seen other cells that 
are worthy of mention. 

Mast Cells —These were conspicuously noted in thirty-eight out of 
fifty cases and they never exceeded 4 per cent. Their relationship was 


as follows: 
To the total leucocyte count they bore no relation. 
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To the polynuclears and small mononuclears: Out of thirty-eight 


cases, at the time when the mast cells were noted, twenty-three showed a 
greater number of polvnur lears: the other fifteen cases showed more 
small Ivmphoeytes. 

To the large lvmphoeytes: Their presence was noted more fre- 
quently about the time the large lvmphoeytes were high. 

To the transitionals: No relation. 

To the eosinophiles: No distinct relation, but they occurred more 
often when the eosinophiles were above the normal. 

On the whole, we find that they were more frequent about the time 
of recovery, 

Bilobate Small Lym phocytes.—These cells were very often present, 
during the stages of active lymphocytosis, which means during the first 
three or four weeks of the infection. 

Degenerated Large Lymphocytes.—The large “basket forms” and 
smaller forms were also frequently seen during the active lymphocytosis. 

Myelocytes with eosin and basophile granules were occasionally noted. 

Basophile cells, containing both basophilic and eosinophilic granules, 
were also noted several times. 

Blood plates were seen in very large numbers in two cases after crises 
from pneumonia complicating the disease. This is the so-called criss 
hémotoblastique of Hayem, who says that the occurrence of large num- 
bers of plates comes with the recovery from the disease (pneumonia). 
In none of the other cases were they seen in large numbers, although 
they were always present. 

THE ADULT CASE, 
The adult case which occurred in a lady 72 vears of age was clinically 


unmistakable. She had the disease at the same time that her three 


grandchildren were having it. The first count was made during the 
spasmodic stage and the following ones according to given dates. There 
was no leucocytosis in this case, but the formula was distinctly reversed. 
See Table 8. 

COMPLICATIONS. 

Complications have their effect on the blood formula in a vers char- 
acteristic way. As will be seen (Table 7) the respiratory organs were 
most commonly involved and the complications were as follows: Two 
cases of bronchopneumonia, two cases of pleuropneumonia and one case 
of suppurative otitis media. 

Table 7 shows the effect on the blood formula in each instance. In 


the pneumonias, the leucocytosis was increased and the polynuclears be- 
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came at once the prominent cells. As soon as the pneumonias subsided, 
the leucocytes fell and the lymphocytes became prominent, a reversion to 
the pertussis formula. De Amici and Pacchioni,*’ Cabot® and Churchill?’ 
report cases complicated by pneumonia, and their findings seem at 
variance. 


TABLE 


Lenco Polynu Lymphocytes Transi- Eosino 

Date. cytes. clears. Small. Large.  tionals, philes. 
Case 1. 

Feb. 9, 1907... $9,280 33.0 62.0 3.0 1.0 1.0 

Feb. 14, 1907... 64.000 41.5 O5 

Feb, 25, 1907 32.000 30.3 54.3 6.0 Oo O35 

March 10, 1907..... 13.800 60.0 31.0 55 10 2.5 


CASE 2. BRONCIIOPNEUMONIA, 


7.500 15.5 3.0 0.5 3.5 

Feb, 20, 1907 18.250 21.0 50 26 4 

Feb. 28, 1907.......16,200 45.5 39.0 7.5 O.5 
Case 3. PLevROPNEUMONIA, Diep. 

Jan, 26, 1907. 39,000 37.0 560 $5 10 15 

Feb, 2, 1907 62,750 53.0 34.5 90 

Feb, 18, 1907..... 74.000 TOS 22.0 5.5 Os O16 

CAse 4. PLEUROPNEUMONIA, 

Jan. 18, 1907 38.800 28.7 $1.55 O58 Os 

Jan, 24, 1907... 53.000 60.3 36.6 2.6 0.3 

Feb, 3, 1907.. 19.800 30.0 57.5 11.0 15 0.0 
Case 5. Scuppuratrive Mepta, 

Jan, 26, 1907 30.250 65.3 27.6 1.3 20 O35 

Jan, 31, 1907. 17.5 41.5 io 25 1.0 

Feb, 26, 1907.. 10.250 32.0 $2.0 18.0 3.0 oO 

TABLE 8.—ApbULT CASEs, 

Lenco Polynu Lymphocytes Transi- Eosino- 

Date. cytes. clears. Small. Large.  tionals. — philes. 

March 4, 1907...... 7.000 32.0 50.0 00 1.0 8.0 

March 12, 1907. 7.700 53.0 38.5 54) 3.0 

7 8.250 27.5 3.5 S.5 


April 18, 1907 


A number of the patients in these fifty cases during the paroxysmal 
stage were sick enough to be put to bed. At these times [ examined 
their chests when L took the blood specimens, and from those observa- 
tions my belief is that so long as there exists but a severe bronchitis with 
perhaps small areas of consolidation the lymphoevte formula will be re- 
tained, but just as soon as a distinet consolidation is present the formula 
will be reversed and the polynueclears will predominate. 


In the case of suppurative otitis media, the complication Was present 


when the first count was made at the onset of the whooping-cough ; after 
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the ear was drained, the leucocyte count at once fell and the cells as- 
sumed the characteristic formula. 

In five cases the patients gave a history of having had the disease 
before. They were patients in Cases 10, 22, 25 and 30. Of these, the 
patient in Case 10 did not show a lymphoeytosis ; the others were typical. 


SUMMARY. 

After a careful study of these cases individually and in the aggregate, 
in which on an average eight leucocyte and differential counts were made 
in each case, at regular intervals, the blood eyele in this disease appears 
to occur as follows: 

There is at first a leucocytosis with increase of all the forms; then a 
small cell lymphocytosis becomes conspicuous and continues to increase 
when the other forms have reached their limit. The large lymphocytes 
follow the course of the small ones, but they reach their greatest numbers 
after the small cells have reached theirs. During the stage of active 
lymphocytosis, bilobed small lymphocytes are frequently scen as well as 
numerous degenerated large lymphocytes, especially the basket forms. 

Then comes the simultaneous falling of the leucocytosis and lympho- 
cytosis, while the polynuclears begin to resume their normal proportion, 
A little later the mast cells are observed more frequently, and an occa- 
sional myeloeyte may he seen. While the leucocy tosis and 
continue to fall by lysis, an eosinophilia is noted; this continues for a 
variable time, after which the blood formula resumes its normal propor- 
tions. During this entire cyele the transitionals seem unaffected, 

If we were to speak of the first and second half of the blood cy« le 
in this disease, we would say that in the first half the lymphocytes are 
the prominent factors and in the second half the polynuclears and the 
eosinophiles. 

Clinically, leucocy tosis is present at about the time the child first 
coughs: as the coughing goes on, the leucocytosis increases and the lym- 
phoeyvtosis becomes very marked. <A glance at the tables gives an idea of 
the numbers. The height of the leucocytosis is reached in the spasmodic 
stage, sometimes early, and sometimes in the latter part, the sickest 
children showing the highest grade of leucocytosis. About the time that 
a marked improvement is noted in the child the leucocytosis has de- 
creased, the polynuclears have increased and the eosinophilia is present. 
This eosinophilia continues for a variable time. 


Little more need be said of the distinet value of blood examination in 


the early diagnosis of the disease. Within the last two months [have 
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been able to make corre tly for other pliysicians thiree negative and two 
positive diagnoses before clinieal signs were decisive. 

I wish to express my thanks to Dr. Ewing W. Day, Dr. T. J. Elterich, 
Dr. P. J. Eaton and Dr. Lawrence Litehtield for the clinical material 
that they have placed at my disposal in carrying on this investigation, 
and to Dr. E. G. Matson and Dr. G. Conti for their kind assistance in 
translating the original articles from which I have quoted in the first 


part of this paper. 


4502 Fifth Avenue. 
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EXPERIMENTS WITH AN ASH-FREE DIET.* 


HARRY W. GOODALL, M.D. and ELLIOTT P. JOSLIN, M.D. 
BOSTON, 


The introduction of standard test diets into clinical medicine has 
distinctly advanced our knowledge of human metabolism and furnished 
many useful data for diagnosis, prognosis and treatment. Such are the 
Ewald test breakfast, the diet of Schmidt and Strassburger for the study 
of diseases of the gastrointestinal tract and the proteid-fat diet employed 
in diabetes. Although these various diets were excellent, they threw 
light on only the more superficial phenomena of metabolism, and it was 
to be expected that other variations in the diet would be planned which 
would penetrate mto the more fundamental processes of the body. It is 
to the credit of Taylor that he devised such a diet in 1904 and had the 
temerity to live on it until unusual symptoms occurred. 

Admirable as was the conception and interesting as were the results 
of Taylor's experiments with an ash-free diet, one of his observations and 
the interpretation he later placed on it were so at variance with prevail- 
ing ideas as to attract our attention. He writes: “On the ninth day a col- 
league noted in the breath a strong odor of acetone. Investigation there- 
on revealed in the urine notable quantities of acetone and diacetic acid 
without B-oxvbutyric acid.” At the session of the Association of Ameri- 
can Physicians held in 1907 this observation was cited by Taylor as an 
argument against the generally accepted theory of acidosis of the B-oxy- 
butyric type, which ascribes its occurrence to the lack of oxidation of 
carbohydrates in the metabolism. His criticism apparently was fully 
justified, because, according to his experiment, an acidosis developed in 
a healthy individual on a diet which maintained equilibrium and con- 
tained 200 grams of carbohydrates which were known to be assimilated. 

The overthrow of any theory which has served so many useful pur- 
poses as the secondary oxidation theory proposed hy Nasse and adopted 
by Naunyn can hardly be considered accomplished by a single experi- 
ment. It, therefore, seem d well worth while to repeat the work, particu- 
larly because, so far as we are aware, no further evidence has been offered 


which would confirm it. The mere detection of acetone in the breath by 


“From the Departments of Biologic Chemistry and Theory and Practice of 
Physic, Harvard Medical School. 

1. Taylor: Studies on an Ash-free Diet, Univ. of Calif. Pub., Pathology, 1904, 
i, 
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the sense of smell can not be accepted as a sufficient guarantee of its 
presence. Indeed, Folin’s recent observations? make it probable that thie 
so-called “acetone breath” has nothing to do with acetone. The actual 
quantity of acetone in the urine is not given by Taylor, but at the most 
the acidosis must have been slight, because the ammonia-nitrogen nitro- 
gen ratio reached but 9.5 per cent. Convincing proof that acidosis of the 
acetone type was due to the withdrawal of salt might have been afforded 
if an acidosis thus produced had disappeared on the addition of salt to 
the diet without other change in the plan of the experiment. 

Our experiments followed exactly the methods suggested by Dr. Tay- 
lor. Two healthy medical students, Mr. Sawyer and Mr. Smith, con- 
sented to act as subjects." 

The daily diet consisted of the whites of 18 eggs, 120 gm. olive oil, 
and 200 gm. of crystallized sugar. The albumin was prepared in the 
following manner: Eighteen hundred e.c. distilled water (100 e¢.c. to 
the white of each egg) were heated in a double boiler up to 56 degrees C. 
The whites of the eggs, previously broken up with a glass red until 
homogenous, were then poured in, and at first stirred briskly, but later 
more slowly until the temperature reached 100 degrees C. Twelve c.c. 
of acetic acid, diluted ly one-fifth, were added and the clear fluid de- 
canted off from the precipitated albumin. The precipitate was thor- 
oughly mixed with 1,000 cc. distilled water, heated nearly to the boiling 
point and again decanted, this procedure being repeated three times. 
The albumin was then transferred to a large Buchner filter and again 
washed three or four times with hot distilled water. The final filtrate 
was nearly free from chlorin. The sugar was given in the form of rock 
candy, of which the ash was non-weighable. The olive oil was washed 
half a dezen times in a large separating funnel with distilled water. 
Distilled water alone was drunk and in measured quantities. 

Bone-black was used in the demarcation of the stools and was taken 
with the last regular meal, which was twelve hours before the commence- 
ment of the experiment, and again on its completion just before a return 
to an ordinary diet. 

The first experiment was begun Nov. 29, 1907, and continued for thir- 
teen days. Mr. Sawyer’s observations during this period are given in his 


own words. He writes: 


2. Folin, Otto: Chemical Problems in Hospital Practice, Jour. Am. Med. 
Ass‘n., 1908, 1, p. 1391. 

3. Mr. Sawyer and Mr. Smith lived at the New England Deaconess Hospital 
during the course of the experiment, and to that institution we are much in- 
debted for the many courtesies we received, 
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The albumin was the most disagreeable part of the diet. I used a syrup with 
this so as to give it a taste, and in this way it was more easily swallowed, but 
to the end this proved to be the most irksome part of the experiment. During 
the time of the dieting I worked between seven and eight hours at the school, 
at least half of which time I was standing. I spent about two hours of each of 
the two Sundays that intervened in walking. T slept longer than I usually do, 
averaging about nine and one-half hours in the day. There were two nights, 
however, during which I lost about three hours on account of indigestion. With 
the loss in weight there was also loss in strength, and I found myself more 
easily winded and more easily tired. On some of the evenings of the more strenu 
ous days I was quite exhausted, On two occasions I had a slight fainting at 
tack. Three evenings before the termination of the experiment I had some 
symptoms of indigestion, namely, the distress from abdominal distension, hie- 
cough and some belching of gas. My appetite throughout Was good, at times 
ravenous, but not for the ash-free diet, to which I never looked forward. What 
discomfort there was to the experiment did not progress from first to last. Some 
of the days earlier in the experiment were more trying than the last. 

The diaphoresis which Dr. Taylor observed throughout was noted 
neither by Mr. Sawyer nor observed by us. Mr. Sawyer’s symptoms were 
hot progressive in character, and in this respect he ditfered both from Dr. 
Taylor and Mr. Smith. The daily quantity of chlorin in the urine 
steadily decreased, and on the tenth day reached 0.22 gm., but as the 
breath and urine gave no evidence of the presence of acetone or diacetic 
acid the experiment was continued. On the eleventh day the chlorin 
remained the same, but on the twelfth day it fell to 0.17 gm., or 0.02 gm. 
less than the lowest limit reached by Taylor. Tests for acetone and diacetic 
acid still being negative, the diet was continued for another twenty-four 
hours. The chlorin on this, the thirteenth, day was the same as on the 
twelfth, but acetone and diacetic acid still failed to appear, and the 
experiment was, therefore, discontinued. On two subsequent days, 
namely the second and fourth, the urine was again collected. 

The reaction of the urine was acid throughout, and daily tests failed 
to reveal the presence of albumin, sugar or, as already recorded, acetone 
or diacetic acid. Le Nobel's test was used for the determination of ace- 
tone, and Gerhardt’s ferric chlorid test for the diacetie acid. With few 
exceptions these were performed in the presence of Dr. Folin. The 
color of the urine was uniformly normal for the first nine days, but 
became slightly high on the tenth and eleventh and distinetly high on 
the twelfth and thirteenth. Indican was present in variable quantities 
as shown qualitatively, gradually decreasing from the first to the sixth 
day, and then gradually increasing up to the end of the experiment. 
The urinary sediment gave no evidence of disease of the kidneys. Tables 


1, 2, and 3 give the analytical details. The nitrogen was estimated by 
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the Kjeldahl method, and the ammonia, creatinin, sulphates and total 
sulphur by the Folin method.* 

The weight of the dried feces was 121.68 gm., or about 9.0) gm. per 
day. This is two or three times the weight of the feces of a starving 
individual. The total quantity of fat in the feces amounted to 53.2 gm., 
and as the total fat in the diet was 1,560 em. the total quantity of fat 
absorbed was 96.6 per cent. The total nitrogen in the feces was 6.05 gm. 
If the total nitrogen in the diet for the thirteen days is estimated at 
(11.5 x 13 ==) 150 gm., the percentage of nitrogenous food absorbed 
Was U6. 

The excellent absorption of the protein and fat is striking and de- 
serves emphasis. It is a most useful point to bear in mind in the treat- 
ment of patients. So much has been attributed to the psychic phenomena 
of digestion that it is well occasionally to have proof that an uninviting 
and positively distasteful diet, which does not awaken the least suspicion 
of an appetite, may be thoroughly assimilated, 

It is evident from the table that Mr. Sawyer was in nitrogenous 
equilibrium, because the total nitrogen for the thirteen days was nearly 
constant, Varving from a maximum of 10.7 gr. to a minimum of 12.18 
gr., the daily average being 11.5 gm. 

The chlorin is the center of interest, because this inorganic salt com- 
prises such a large percentage of the inorganic salts in the urine, and 
further because of the importance which recent work has assigned to it 
in metabolism. Its gradual diminution during the thirteen days is 
mathematical proof of the accuracy of the experiment. The amount of 
chlorin excreted, 12.94 gm., corresponds to the figures which were ob- 
tained in the experiments on Cetti and Breithaupt and those of Belli 
and Wundt. In the first two days more salt was excreted than in the 
remaining eleven days, a striking proof of the tenacity with which the 
hoy retains its chlorin. For the last five of the thirteen days of the 
experiment the excretion was practically constant at 0.2 gm. The data 
show well the limitations of the withdrawal of salt. and again furnish 
proof that only about 15 per cent. of the total chlorin in the body can be 
removed, On the conclusion of the experiment Mr. Sawyer returned to 
his ordinary diet, eating, however, with moderation. Two days later 
the total quantity of chlorin exereted was only 3.5 gm.. despite the fact 
that he had used rather more salt than was customary, but after four 
davs of the ordinary diet the chlorin amounted to 25.76 gr.. and the 


quantity of urine reached a total of 4,090 c.c. For this great increase 


4. Folin: Jour, Biol. Chem., 1906, i, 131. 
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in the excretion of salt and water we have no explanation, and speculation 
is unprofitable because of the unknown character of the ingesta. In the 
next experiment we attempted to follow this point more closely. 

The weight can be brought into connection with the chlorin because 
the two varied together. Sawyer lost 2.8 kg. during the first three days 
of the experiment, but in the remaining ten days only 2.5 kg. Taylor 
reports a loss of 1.5 kg. “during the period.” Probably this statement 
refers to the change in weight from his third to ninth day. Quite as 
striking as the loss of weight during the experiment was the gain of 4.1 
kg. in the first seventy-two hours following its completion. Whereas the 
addition of salt to the diet of a healthy person has little effect due to its 
ready elimination, the withdrawal of salt from the diet is of more sig- 
nificance, because along with it goes a lowering of body weight by re- 
moval of water. This fact must always be borne in mind in any experi- 
ment in which weight is a factor. 

The loss of 10 per cent. of body water is said to produce a moribund 
condition in thirsting animals, but the conditions of our experiment 
were different in that the loss of water was coincident with the loss of 
salt, and so in a way physiologic. 

The intake of water was nearly constant, diminishing slightly as the 
experiment progressed. The possibility that this diminution in the 
supply of fluid was concerned in the loss of weight was excluded in the 
second experiment by keeping the intake of water at a constant level of 
2,000 c.c. Less fluid was voided than water drunk, corresponding to the 
well-known fact that a considerable percentage of the water excreted 
passes out by the lungs and skin. Thirst was not a symptom in the 
experiment, and, indeed, would appear to vary with different individuals. 
Thus Taylor (weight 80 kg.) desired over two liters of water daily, 
Sawyer (weight 70 kg.) was comfortable with 1.500 c¢.c., and Smith 
(weight 55 kg.) found only a little less than two liters sufficient. No 
constant relation can be drawn between the intake of water and the 
excretion of urine in this experiment. 

A steady diminution in the exeretion of phosphoric acid took place, 
but this was not as marked as was the decrease in chlorin. Our values 
for phosphoric acid are calculated as P,O,, while Taylor's are estimated 
in terms of PO, The actual quantity of phosphorus excreted, there- 
fore, was a trifle lower in Sawyer’s case than in Taylor’s experiment. 

The quantity of ammonia was fairly constant from beginning to end, 
varying from 0.94 gm. on the first day to 1.26 gm. on the tenth. The 
ammonia-nitrogen nitrogen ratio was nearly uniform throughout. In 


percentage as well as in absolute quantity it was, however, slightly higher 
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than the results recorded by Folin.’ This is readily accounted for by the 
fact that in our experiment the alkalin salts of the egg whites have been 
removed. 

The creatinin was the most constant factor of all, the lowest quantity 
being 1.47 gm. and the greatest 1.6 gm. The percentage of creatinin- 
nitrogen to the total nitrogen varied from 4.6 to 5.4. This percentage is 
greater than Folin found to be the case with his normal diets, but less 
than that of healthy individuals on his eream-starch diet. This variation 
in percentage is accounted for by the total protein of the ash-free diet 
being considerably lower than that of the standard diet and greater than 
that of the cream-starch diet. The total quantity of creatinin, however, 
was practically the same; thus Folin found the average for thirty normal 
urines to be 1.55 gm. ereatinin, and the average in Sawyer’s case was 
1.54 gm. This is identical with the caleulated value for creatinin for 
an individual of Sawyer’s weight, namely 1.54 gm. (22 mg. creatinin 
per 70 kg. body weight), a further illustration of its dependence on body 


protein rather than on the protein of the food. 


TABLE 1.—Intake or Water, Urinary ANALYSIS, WEIGHT. 


Day. ILO Urine Sp. P.O Cl. Weight 
Ce. Gr. gm. gm. kg. 

l 1470 1720 1012 1.29 4.60 70.2 
2 1550 Isto 1010 1.29 2.52 

3 1560 1430 1012 1.28 1.88 fia 
4 1200 930 1017 1.20 OST 67.4 
5 00 1.45 0.69 
6 1545 1170 1012 1.04 0.48 66.6 
7 1200 S50 11s 1.15 0.46 
1125 1000 11s O78 0.40 66.1 

seo 11S Oso 0.22 

12 1215 jlo 1023 0.79 O17 65.1 
3 1170 1025 OSG O17 64.0 
15 40 1020 3.50 
wed 4000 1O17 25.76 


The uric acid nitrogen was also practically constant, but the pereent- 
age was considerably lower than found by Folin in his normal urines. 
This is in conformity with his idea that the actual amount of urie acid 
diminishes along with the diminution of the total nitrogen, even apart 


from the purin nitrogen of the food, 


5. Folin, Otto: Approximately Complete Analyses of Thirty “Normal” Urines, 
Am. Jour, Physiol., 1905, xiii, 45; Laws Governing the Chemical Composition of 
Urine, Am. Jour. Physiol., 1905, xiii, 66, 
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The urea represents the chief variable in nitrogenous metabolism. 
It was low in this experiment, due undoubtedly to the constancy of the 
excretion of creatinin and the diminution in total nitrogen. Our values 
for the undetermined nitrogen correspond to those usually found. 


TABLE 2.—NirroGeN METAROLISM IN EXPERIMENT ON SAWYER. 


A 5 Ss 5 6 & BE 
gm. gm. gm. em gm. gm. PA PC. PC: PL. PL 

l 11.49 966 O78 O58 O06 OAT 84.1 68 5.0 0.5 3.6 
2 10.27 8.59 O85 O55 O.55 0.45 81.7 8.3 5.4 0.5 4.1 
3 11.67 9.62 OST 0.59 0.06 0.53 82.5 7.5 5.0 0.5 4.5 
4 10.73 8.75 0.93 056 0.07 0.42 $1.5 8.7 5.2 0.7 3.9 
5 10.86 8.8] O94 0.58 0.07 0.46 81.1 8.7 5.4 0.6 4.5 
6 10.91 8.74 O97 O57 0.07 0.56 80.1 89 563 O07 5.0 

7 10.72 8.84 0.96 O57 0.06 0.29 825 90 53 06 2.7 
8 12.18 10.02 1.03 0.56 0.07 0.50 82.0 8.5 4.6 06 4.3 
9 11.86 9.65 103 O59 O07 0.52 81.4 S.7 50) 4.4 
10 11.54 9.23 1.05 O56 0.06 0.64 80.0 9.1 4.8 05 5.6 
11] 10.07 8.16 0.96 O58 0.08 0.31 81.0 9.6 58 O46 3.0 
12 10.99 8.77 1.03 O56 0.05 0.58 798 93 50 05 5.4 
13 11.69 9.37 1.0] O56 O05 0.70 80.4 8.6 48 0.4 5.8 


The total sulphur in the urine was only about one-third that ex- 
creted by individuals living on the stardard normal diet. This must be 
borne in mind in the interpretation of the results obtained for inorganic 
and ethereal sulphates and neutral sulphur. The ethereal sulphates 
diminished in the same proportion as the total sulphur with the result 
that the percentage of ethereal] sulphates remains the same as that ob- 
tained for the healthy man on the stardard normal diet. The actual 
quantity of neutral sulphur, however, did not decrease but stayed practi- 
cally unchanged. As a result the percentage of neutral sulphur in the 
urine rose from the usual average of 5 to an average of 15.3. Neutral 
sulphur thus behaves in a similar manner to creatinin. Our results ap- 
proximate those obtained by Folin in his experiments with the low pro- 
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tein or starch and cream diet. The inorganic sulphates are here the 
variable which offsets the increased percentage of neutral sulphur. 

Our first experiment thus failed to confirm Taylor’s observation on 
the influence of a salt-free diet on the production of acetone. The ques- 
tion thus stood simply one experiment against another, and it seemed 
wise to perform a third under slightly different conditions to eliminate 
the personal equation. The subject, Mr. Smith, weighed much less than 
either Dr. Taylor or Mr. Sawyer, namely, 55 kg. The experiment was 
begun on February 15 and ended February 26, but for four days pre- 
vious to it Mr. Smith lived on a diet poor in salt. By means of this pre- 
liminary and partially salt-free period several days were saved and we 
were enabled to study the effect of the addition of salt in the latter part 
of the experiment without too great prolongation of the same. The plan 
was successful, for on the first day the chlorin in the urine was found 
to have fallen to 1.43 gm. The details of the experiment were the same 
as above reported. Mr. Smith found the diet quite as unpalatable as did 
Mr. Sawyer. On the second day he records in his notes: “Felt well 
except for slight nausea after meals.” The nausea persisted, but on the 
fifth day was less and did not return until the ninth day. Flatulency 
was noted on the third day with cramp-like pains and heaviness in the 
epigastrium, and on several of the days the stool was loose. Some loss 
of energy was manifest on this and the subsequent days, but it had dis- 
appeared by the seventh, when the record states, “No nausea, felt well,” 
and on the eighth, “No nausea, appetite good.” The ninth day of the 
experiment was a trying twenty-four hours; “considerable nausea all day, 
had great difficulty in eating my meals on account of the nausea and 
sense of fulness. Felt weak and in low spirits, some abdominal distress,” 
but the symptoms improved the following morning (tenth day) ; “passed 
a good night and felt much better, nausea, however, was marked all 
through the forenoon.” Twelve gm. salt were now added to the daily 
diet, and the following change in the record is interesting: “At lunch 
took salt for first time with great relish. All nausea and epigastric dis- 
tress disappeared after lunch; in evening felt very decided increase in 
strength and energy.” Eleventh day: “No nausea or distress of any 
kind, great improvement in tone, physical and mental.” It is only fair 


to state that Mr. Smith was aware that within three days from the com- 
mencement of his taking salt the experiment would definitely end, where- 
as up to this point the duration of the experiment was indefinite. He 
himself felt that “hope long deferred maketh the heart sick,” and was 
not positive that the improvement in his feelings was wholly due to the 
salt. 
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The urine was examined for the first ten days daily for albumin, 
sugar, acetone and diacetic acid, but all of these substances were absent. 
The color remained normal throughout. The examination of the urinary 
sediment revealed no abnormal elements. Table 4 contains the result of 
the analyses. 

Considerable difficulty was experienced in drying the feces. They 
were, therefore, first extracted with petroleum ether, and this extract 
made up to 1,000 ec. The fat and nitrogen were then determined in 
each separately and the results combined. Before extraction the weight 
of the feces was 113 gm.; after gross extraction, 51.62 gm. dried to con- 
stant weight. The total quantity of fat extracted from the feces was 


80.50 gm., and, as the amount of fat ingested during the nine days was 


TABLE METABOLISM IN EXPERIMENT ON SAWYER. 


hates, 


Neutral 
Sulphur, 


em. gm P.C. 

l 0.96 O.76 0.20 5.2 
0.97 0.82 O.15 6.2 
3 0.99 O85 0.14 6.1 
4 0.98 OSS 0.10 6.1 
5 1.04 O89 O15 
1.09 0.93 O16 6.4 
7 1.06 0.90 0.16 78.3 6.6 
1.17 1.00 O17 T6.9 8.6 
1.15 0.95 0.20 78.3 4.3 
10 1.12 0.96 O.16 78.6 
1] 1.0] 0.16 79.2 
12 1.08 0.92 O16 78.7 6.5 
13 1.10 0.93 O17 78.2 6.3 


1.080 em.. the quantity of fat absorbed was 92 per cent, The nitrogen 
in the dried feces amounted to 2.992 gm. If the nitrogen in the diet js 
reckoned as 103.5 gm., the absorption of nitrogen was 97 per cent, 

It was intended to allow but 1.500 ec. of water daily, but thirst be- 
came so troublesome that this quantity was increased on the first dav and 
permanently changed to 2,000 c.c. from the fifth day on. It is intere-t- 
ing to note that the quantity of urine was only slightly greater than in 
the experiment with Sawyer or in Taylor’s experiment. The averay: 
daily quantity of urine in Taylor’s experiment was 1.172 ¢.c., in Saw- 
1,240 c.e., and in Smith’s 1,445 e.c. 

The chlorin was but 1.43 gm. on the first day, due, as has been said, 


to the partial salt-free diet for the previous four davs. It then decreased 


with slight variations until on the ninth day the total quantity of chlorin 


| 
P.C. 
79.2 20.8 
84.5 15.5 
85.0 14.) 
89.7 10.3 
85.46 14.4 
85.3 14.7 
84.9 15.1 
85.5 15.5 
82.6 17.4 
85.7 14.5 
84.2 15.8 
85.2 14.8 
84.5 13.5 
| 
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was 0.17 gm., the limit reached in the experiment with Sawyer, and 0.2 
gm. lower than that attained by Taylor. No sign of acetone or diacetic 
acid appearing, 12 gm. of salt (7.11 gm. chlorin) were added to the diet. 
It will be seen that nearly the whole of this quantity was retained in the 
hody, for on the following day only 1.6 gm. were eliminated, and even on 
the next day only 2.26 gm. chlorin, but during the third day of the ad- 
ministration of salt the chlorin excreted showed a decided increase, and 
presumably an equilibrium was soon obtained. Neither on these three 
nor during the following days was a polyuria, as in Sawyer’s case, ob- 
served. Thirty-one per cent., or 12.83 gm. chlorin, was retained in these 


three days. 


TABLE 4.—INtTAKe or Water, Wetcur, Urinary ANALYSIS IN EXPERIMENT 
ON SMITH. 
Ammo- 
Day. HO Urine TotalN* NH* nia—N PO Sp.Gr. Cl. Weight 
Ce, gm. gm ym. gm. ke. 
l 10.9 58 44 2.08 1009 1.43 "55.5 
2 1500 1400 11.1 1 4.5 1.09 1009 1.11 54.3 
3 1500 1190 9.8 64 54 1010 54.1 
1500 1340 9.7 6.6 85 1008 Ag 53.6 
5 2000 1250 8.4 75 Sl 1008 AG 53.3 
6 2000 1730 10.4 8 8.2 SY 1007 3 53.1 
7 2000 1360 9.8 4 7.9 80 1008 25 53.1 
2000 1540 9.9 7.9 74 1007 28 52.7 
9 2000 1400 9.9 6 7.9 42 1009 17 o2.4 
Appirion oF 12 Grams NaCL to Datry 
1 2000 670 10.1 1.08 8.8 42 1018 1.06 53.2 
11 2000 510 0.6 1.21 10.3 50 1026 2.26 54.2 
12 2000 980 11.2 1.32 9.7 388 1018 4.04 54.6 


*Weight at commencement of experiment; other weights are those obtained at 
close of each subsequent twenty-four hours. 


The loss of weight was less than in Sawyer’s case. 


The reason is evi- 


dent, because in the few days preceding the experiment the salt in the 
diet had been restricted, and during this period the weight fell about 1 
kg. On the morning of the tenth day the weight was 52.4 kg. 
dent with the administration of salt this rose in the following seventy- 


Coinci- 
two hours 2.2 kg. Corresponding to this increase in weight was a reten- 
tion of water by the body which is at once manifest by the diminution in 
the urine during this period. 

The average quantity of nitrogen eliminated in the urine per day in 
Taylor's experiment was 10.04 gm., in Sawyer’s 11.2 gm., and in Smith's 
experiment 9.99 gm. The closeness of the three results is of consider- 
able interest because of the difference of weight of the three individuals, 


Dr. Tavlor weighing 80 kg., Mr. Sawver 80 kg., 


and Mr. Smith 55 ke. 


The ease of the establishment of nitrogenous equilibrium on the same 
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diet for these different weights is, of course, well known, but ever strik- 
ing. The absorption of protein in Smith’s case, as in Sawyer’s, was 
excellent. The addition of salt to the diet increased the elimination of 
nitrogen in the urine, despite its smaller volume, by 3 per cent., but this 
isa quantity too small to be of significance. This observation corresponds 


io the more recent views on the action of salt on nitrogenous metabolism. 


TABLE IN ON DIABETIC PATIENT. 


Urine 
Total Total Carb. 
Day. Vol. N. NH, Sugar. Carb. NalHiCO tal. Cl. 
gm. um. om. um. gm. gin. 
] 1200 1.4 34. 16 +62 
4 3000 2.8 134 16 +58 
5 4440 3.6 142. 158 16 +16 
9 1900 3.4 91 32 
11 4740 23. 119, 70 24 9 2.0 
12 5520 166, 83 20 83 
13 3930 25. 1.4 157 73 16 S4 
14 1.1 102 48 16 D4 
15 3330 2.3 107 38 16 1.03 
16 3510 2.4 3 is 16 5 
7 3120 23.6 ar | 119 $5) 16 S4 0.38 
Is 3180 99. 3.2 102 aD 20 72 0.39 
2400 17. 2.4 42 20 22 0.79 
20 5280 3.3 1G 26 
21 2100 10.8 1.9 63 14 aD 53 
22 5910 25.8 3.7 100 52 18 7.93 
23 5280 23.5 4.1 16 7 s so 3.84 
24 2400 17.3 3.1 38 30 
97 2700 17.6 O46 a” 12 5.25 
30 3360 23 54 8 14 
62 1560 0. 0 LGo 


The absolute amount of ammonia rose slightly as the experiment ad- 
vanced, but for this we have already given a partial explanation. On the 
twelfth dav of the experiment (following the addition of 12:gm. of salt 
to the diet for three successive days) the amount of ammonia was greater 
than the quantity of ammonia obtained by Taylor on the last day of his 
experiment. Any lingering doubt as to the slight increase in ammonia 
obtained by Taylor on the last day of his experiment being dependent 
on the diminution of chlorin in the diet was thus dispelled. 

While we were engaged in this work a patient with diabetes came 
under our observation, whose diet by chance contained an extremely 
small amount of salt. The case presented at first a mild form of diabetes 
with diffuse nephritis, but during a febrile attack the positive carbho- 
hvdrate balance of 60 gm. changed to a minus carbohydrate balance of 
the most intense type. On the thirteenth day of observation the quantity 


of sugar in the urine was 157 gm., while the diet contained only 75 gm. 
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carbohydrates, thus giving a minus carbohydrate balance of 82 gm. This 
is about the maximum quantity of carbohydrates which could be formed 
out of the protein metabolized on this day, which was 25 gm. nitrogen 
(X 6144) 156 gm. From this quantity of albumin it is customary to 
consider that (156 x 60) 94 gm. carbohydrate can be formed. Despite 
the severity of the case, the acidosis was only moderate, and on this day 
there was but 1.4 gm. ammonia.® 

It is true that 16 gm. of sodium bicarbonate were administered in 
the twenty-four hours, but, as is well known, such a quantity will lower 
the ammonia only about 20 per cent. On the eleventh day of observation 
the chlorin in the urine was 2 gm.; on the fifteenth day, 1.03 gm.; on the 
seventeenth day, 0.38 gm., and on the eighteenth day, 0.39 gm. On the 
following day it began to rise as the low chlorin was discovered and salt 
was added to the diet. The observations made on this patient do not 
favor the view that a small quantity of salt in the diet of a diabetic 
patient increases the tendency to acidosis, because the general condition 
of the patient was better on the days with low chlorin excretion than in 
either the preceding or following periods, and the actual acidosis as meas- 
ured by the exeretion of ammonia was not notably affected. We would 
not attach too much significance, however, to this observation, because 
the excretion of chlorin miay be variable even in the presence of a mild 
nephritis. The data of the case are recorded in Table 5. It is of interest 
that on the sixty-second day there was again a positive carbohydrate bal- 
ance of 69 gm. 

CONCLUSIONS. 

The results of our experiments on two individuals placed on an ash- 
free diet for periods of thirteen and nine days, respectively, show no 
marked changes in metabolism. They simply represent the withdrawal 
of accessory salts from the body. They confirm the views of earlier 
writers, that it is practically impossible to diminish the chlorin of the 
body by more than 10 to 14 per cent., and that the loss of water is pro- 
portionate to this. No remarkable symptoms appeared, and those that 

6. Such a severe case of diabetes with so slight an acidosis suggests a pan- 
creatic origin as described by Briigsch (Therap. d. Gegenw., 1906, p. 337) and 
Hirschfeld (Berl. klin Wehnsehr., 1905, xlii, 1609). No support for this opinion 
is furnished by the analysis of the feces which was made for me by Dr. F. B. 
Talbot: Total feces, 360 gm.; total dried feces, 20.758 gm. Percentage nitrogen, 
4.2 per cent.; neutral fat, 1.9 per cent.; fatty acid, 3.9 per cent.; soap, 5.2 per 
cent.; total fat, 11 per cent. Total nitregen in feces, O.S71 gm. Total fat in 


few es, 2.283 uni. 
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occurred were rather less than would be expected from such a diet, even 
though it contained a normal quantity of salts. We do not feel that 
they afford a basis for any far-reaching deductions as to changes in 
metabolism, and they certainly give no support to the view that the with- 
drawal of salts from the diet will cause an acidosis of the acetone variety. 
Clinical observations on the effect of the diminution of salt in a severe 


case of diabetes are in harmony with our experiments. 


Marlborough Street—S1 Bay State Road, 
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THE INHIBITION OF PANCREATIC ACTIVITY BY EX- 
TRACTS OF SUPRARENAL AND PITUITARY BODIES.* 
RALPH PEMBERTON, M.D. 

AND 
J. EDWIN SWEET, M.D. 

PHILADELPHIA, 


In a recent publication’ we had the privilege of considering at some 
length the question of the activation of the pancreas by secretin, with 
especial reference to malnutrition and diabetes. 

In it we pointed out, among other things, that in some animals, 
especially those which are carnivorous and are not provided with grind- 
ing molar teeth, in which animals there must, therefore, be either a large 
amount of acid gastric secretion or a high degree of acidity within the 
stomach, there was evidence that pro-secretin is present in the intestines 
in quantities larger than are found in human beings. We also reached the 
conclusion that the evidence to date for the absence or deficiency of pro- 
secretin as the cause of some cases of diabetes and malnutrition was 
insufficient. 

These were our main findings as far as the present communication 
is concerned, but the experience gained in these connections led us to ex- 
periment further. The question of the relation of the pancreas and its 
evident activity, when excited by secretin, to digestion in general and to 
other organs in particular, is a very wide one, and, as we ventured to 
point out, offers a most promising and relatively unexplored field for 
research. It occurred to us that with a definite and sure method of 
activating at least the “external” secretion of that gland, and with an 
experience equal to measuring and interpreting its response, we had at 
hand a means whereby its correlation with other organs might be 
studied. 

In his Harvey address? Starling says: “Secretin may be taken as a 
tv pe of a whole group of chemical Inessengers, which, formed in one 
organ, travel in the blood stream to other organs of the body and effect 

‘From the Pepper Laboratory of Clinical Medicine, and the Laboratory of 
Experimental Surgery, University of Pennsylvania; reported before the Society 
of Normal and Pathological Physiology, University of Pennsylvania, Mareh 
30, 1908. 


1. Sweet, J. E. and Pemberton, R.: Tur Arcuives Int. Mep., 1908, i, 231. 
2. Starling, FE. H.: Jour, Am. Med. Assn., Mareh 14, 1908, 1, 835. 
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correlation between the activities of the organs of origin and the organs 
in which they exert their specific effect.” This effect, he says, as a 
deduction from many observations in this connection, is not due neces- 
sarily to the formation of a special substance which shall exert a specific 
influence on some distant organ, but possibly to the development in that 
distant organ of a specific sensibility to the common product of the first 
organ. The chemical adaptations which Starling considers and of which 
we know most, have resulted almost exclusively in increasing the activity 
of the responding organ. “We can not, however, draw sharp lines be- 
tween the reactions involving increased activity or dissimilation and 
those which involve increased assimilation or growth, since, under 
physiologic circumstances, the latter is always an immediate consequence 
or accompaniment of the former.” 

Some unknown function of the pancreas by virtue of which it seems 
to have a close relation with diabetes has long been recognized, chiefly 
from von Mering and Minkowski’s well-known observation, that extir- 
pation of the pancreas causes glycosuria. As is well known, many agents 
may cause glycosuria when injected intravenously or otherwise given; 
for example, isotonic salt) solution injected intravenously large 
amounts; interference with the supply of oxygen; etherization; and, 
lastly and more specifically, adrenalin injected subcutaneously. Whatever 
the mechanism by which these agents act the last one named does so by 
producing a true hyperglycemia, Now the fact, on the one hand, that a 
small excess of suprarenal substance in the circulation of an animal, its 
own suprarenal glands being intact, produces glycosuria, and, on the 
other hand, that extirpation of the pancreas produces a like result, sug- 
gests an antagonism or balance of action between these two organs in 
particular which might profitably bear investigation. A relation of this 
kind has been suspected, though full experimental evidence has been 
lacking to establish it. Thus, Herter has shown that painting the pan- 
creas with adrenalin causes glycosuria, but whether this is merely a 
feature of its action when injected subcutaneously or intravenously is 
not yet known. G. Zuelser* has advanced some ideas as to the interrela- 
tion of the adrenals and the pancreas. To quote his own words, he 
makes “the assumption that the secretion of the suprarenals is normally 
neutralized by the pancreas and that, therefore, the ‘pancreatic diabetes’ 
of Minkowski, which follows extirpation of the panereas, is really a 


suprarenal diabetes.” Ife also claims that ly injecting simultaneously 


3. Zuelser, Berl. klin. Webnsehr., 107, xliv. 474, 
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suprarenal extract and pancreatic juice, no glycosuria results. Pfliiger* 
has shown that extirpation of the duodenum in frogs causes glycosuria. 
(It is from the duodenum, of course, that the pancreas normally obtains 
the stimulus for the discharge of its external secretion at least.) Ehr- 
man® has found that this extirpation does not cause glycosuria in 
dogs; but Pfliiger criticizes Ehrman’s work on the ground that the sepa- 


ration of the pancreas from the intestines was not complete and that the ; 
animals did not survive the operation for a period long enough to make 
the experiments conclusive. 

It was, therefore, with the basal thoughts just suggested that we 
sought to investigate the influence of various factors on the one gland 
of the body whose excitation by “hormones” can be induced at will, as 
a basis for inquiring into that further interdependence of organs which 
we know exists. Our first thought was to look within the body for factors 
which might have some effect, though the question of outside influences, 
such as “drugs,” is an important one of itself. 

We attempted, therefore, at the start, to influence in dogs the flow 
of pancreatic juice when excited by secretin, with intravenous injections 
of adrenalin chlorid, taking 3 ¢.c. at a dose. Three c.c. of adrenalin was } 
sufficient instantly and markedly te increase the blood pressure, without 
evidently injuring the animal during the period of observation and in 
a few minutes the blood pressure fell again to normal, so that the dose 
could be several times repeated. 

We found on injecting adrenalin chlorid that the flow of pancreatic 
juice was almost at once inhibited and in most cases absolutely so. With 
injection of fair amounts it was at all times slowed, proportionately to 
the size of the dog and the activity of his pancreas. Moreover, the simul- 
taneous injection of secretin and adrenalin resulted in a total absence of 
flow; and, furthermore, the injection of adrenalin a few moments prior 
to the injection of secretin prevented a flow. Occasionally, if the gland 


were very active and the dose of adrenalin moderate, a slight response to 


4. Piliiger: Arch. f. d. ges. Physiol., 1907, exix, 227. 
5. Ehrman: Arch, f. d. ges, Physiol., 1907, exix, 295. 


6. The secretin we used was prepared from normal dog intestines. The ani- 
mals on which we experimented were all dogs. They were kept under profound 


ether anesthesia, and, at the end of the experiment, were killed. The amounts of 
secretin injected were 10 ¢.c, of solutions made from 300 to 400 ¢.c, 0.4 per cent. 
HCl. This quantity of acid was found well adapted to the extraction of mucosa 
from the upper four feet of dog intestines, and served for numerous observations, 
making a total of about 150 to 200 ec. of secretin solution. The details of 
preparation are otherwise as given in our previous article (Tie Arciives Int, 
Mep., 1908, i, 231). 
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flow would occur late, as though, in the end, the action of the secretory 
factor had preponderated. 

In considering the matter, one of our first thoughts was, of course, 
that the inhibitory power of adrenalin was due to its blood-pressure- 
raising principle, notwithstanding the fact that changes in blood pres- 
sure are well known to have little influence in the output of most glands, 
and that the pressure in the secretory duct of such glands may, without 
much effect, be higher or lower than that in the vessels supplying it. 
This is well illustrated by numerous long-established experiments on the 
salivary glands. As a matter of fact, however, the injection of secretin 
is followed by an immediate and pronounced fall in the blood pressure. 
The blood-pressure-lowering element of secretin is probably purely inci- 
dental, as shown by Bayliss and Starling, and, as can be seen from our 
records, is a feature of many extracts of tissue because of various ele- 
ments present. Further, under some circumstances, after the injection 
of adrenalin of known vasomotor activity, the blood pressure has for 
various reasons failed to rise very much, and again, after adrenalin 
injections, secretin has greatly reduced the blood pressure to a point 
much below normal, and yet no flow has resulted in either event, showing 
conclusively that this action is not the result of high blood pressure. 
Further, the simultaneous injection of both agents frequently results in 
such an antagonism of the elements which affect the blood pressure that 
no change in its level occurs and still no flow appears. We shall later 
refer fully, after considering further experiments, to some results ob- 
tained with old solutions of adrenalin which had undergone changes 
whereby they lost their property of preventing pancreatic flow, but vet 
powerfully raised the blood pressure. A flow, therefore, took place with 
the blood pressure raised almost to a maximum by adrenalin. More 
direct experiments to this end can be conducted with difficulty, as no 
other known substance raises the blood pressure to a degree at all com- 
parable with adrenalin. 

That this inhibition of secretion is not a feature of any general 
action of adrenalin is shown by a number of observations, the results 
of which are summarized as follows by Cushny:* “The secretion of the 
salivary gland and of the mucous glands of the mouth and throat is 
increased, apparently through stimulation of the nerve terminations, as 
under pilocarpin. The secretion is arrested by atropin, but can be rein- 
stated by larger amounts of suprarenal extract, which is a more powerful 


antagonist to atropin than pilocarpin. The lacrimal gland and the bile 


7. Cushing, Arthur R.: Pharmacology and Therapeutics, Lea Brothers & Co., 
Philadelphia. 
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are also increased.” Speaking of the blood pressure, he says: “This 
active principle exists only in the medulla of the gland and, therefore, 
does not represent the whole function of the organ, in all probability.” 

It may be well here to mention the methods by which we recorded 
the observations which appear later. In our previous work we measured 
pancreatic activity by registering with a watch the exact moment at 
which the flow of juice through the canula in the duct of Wirsung 
passed definite graduations marked along the canula. This method was 
accurate enough, but not at all graphic and was, as well, voluminous in 
reproduction, so we had recourse to the following method : 

The blood pressure was recorded on a kymographic drum by means 
of a manometer in the femoral or carotid artery, and the respiration by 
a manometer introduced into the trachea. By means of the electric 
push-button connected with the pen drawing the base line on the drum, 
it was possible, by watching the flow of juice through a graduated 
canula placed in the duct as usual, to record in vertical and momentary 
elevations of the base line the exact moments at which the juice flowed 
past any given division, 

In order that the record of an experiment, which often covered a 
period of several hours, might be made continuous, we made use of a 
modification of the well-known “endless roll,” a method which had for 
eur purpose the advantages of recording the blood pressure in all its 
variations from the normal! established at the beginning of the experi- 
ment.* 

The experiments above recorded of the action of adrenalin were 
repeated a great many times and, as our tracings show, with almost 
invariably the same results. The amount generally used was 5 c.c. of 
the “adrenalin chlorid” of Parke, Davis & Co., which is said to contain 
two and one-quarter grains of chloretene to the ounce. In order to ob- 
viate the possibility of the latter preservative being a factor we prepared 
several chloretone solutions of different strengths, one of over twice the 
strength in which it oceurs in adrenalin, but no inhibitory effect could 
he observed from it. We next made up a solution of pure adrenalin 
from the dried active extract of the suprarenal glands also on the market. 
This is said to contain no preservative of any sort, but a solution made 
from it of the same strength as that containing chloretone again gave 
the same results. Finally, we made a suprarenal extract of our own, 
from the suprarenal glands of thirteen dogs on which various surgical 


8. We are under great obligations to Prof. E. T. Reichert for his kindness in 
devising the simple and effective kymograph which proved so perfect for the use 
of the endless paper roll. We are further indebted to him for assistance in many 
technical points. 
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operations had been performed some weeks previously in the course ot 
experimental surgery at the University of Pennsylvania. These ani- 
mals were in good health and were all killed by gas at the same time for 
autopsy study; advantage was taken of this fact to obtain the supra- 
renals. The glands were run through a hash machine and the result- 
ing mass ground up with sand and about 30 cc. of normal salt solu- 
tion in a mortar for about fifteen minutes till the whole was reduced to a 
uniform pulp. Salt solution was then added to a total of 78 ¢.c. and the 
mortar contents strained through unbleached muslin. This preparation 
was opaque, white and cloudy in appearance, and our observations show 
that to all intents and purposes it had all the properties of that put on 
the market in regard to both blood pressure and inhibition of pancreatic 
flow. On an earlier occasion we made a normal salt solution extract 
from the two suprarenals of one dog and added to it 1 ¢.c. of a saturated 
solution of chloretone. This preparation was also active in all respects. 

In order to establish any peculiarity or specificity of action in this 
connection, however, it was then necessary to utilize other glandular ex- 
tracts and other substances in the same connection. 

To this end we experimented with as many animal extracts of known 
activity as could be obtained. There are, of course, but few such, and 
there is only one of any definite therapeutic value, viz.. the thyroid. A 
tablet of dried thyroid extract (the therapeutic dose for an adult human 
being) was ground up in a mortar and the powder rubbed up with 10 e¢.c. 
of water. The liquid assumed a brownish color, indicating some solubility 
of the substance, but for the greater part this injection consisted of a 
fine suspension. A solution of thyroid extract was also made by treat- 
ing the mashed and ground pulp of two sheep thyroeids with slightly 
more glycerin than was sufficient to cover them. This was allowed 
to extract all night and then diluted one-half with water, strained and 
used in various amounts for injection. There can be no question that 
this preparation contained much of the peculiar colloid thyroid elabora- 
tion, because the slightest amount gave the characteristic viscid reaction 
which oceurs when the latter is treated with alkali. The glands used in 
this instance were taken from fresh material obtained from the abattoir 
and used at the University Hospital in the treatment of a case of myx- 
edema which was improving rapidly. We also tried a liquid preparation 
of thyroid extract distributed by the manufacturers. All of the above thy- 
roid extracts, however, were without influence on the flow of juice. 

It has been shown by Schiffer and Oliver and others that the pituit- 
ary gland contains a substance which acts somewhat analogously to the 
active principle of the suprarenals, in that it raises blood pressure. It 


does this to a degree less than the latter, though the effect is said to be 
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continued somewhat longer. We attempted next, therefore, to obtain an 
extract of the pituitary body, and used first a liquid preparation said to 
be of the infundibular portion, distributed by Parke, Davis & Co. for 
experimental clinical observation. In answer to some questions addressed 
to them by letter, the manufacturers of this solution state that it con- 
tains 0.5 per cent. of chloretone. Taking the same dose of this that we 
used of adrenalin chlorid, we injected it after exciting the flow by secre- 
tin and obtained almost the same consequences as followed the use of 
adrenalin, In other words, the pancreatic flow was at once cut short and 
venerally completely inhibited. In nearly every instance the rise in blood 
pressure was considerably less than is witnessed after the same dose of ad- 
renalin, and, moreover, it was less abrupt, though the longer continu- 
ance noted by some observers was not’so apparent. Notwithstanding its 
evidently inferior activity in respect to blood pressure, its inhibitory 
action on pancreatic juice seemed to be more marked. The cessation 
was in most cases more prompt, and on several occasions a second injec- 
tion of secretin failed to excite a response after an interval of time fol- 
lowing the injection of pituitary extract such as would probably have 
insured a flow, even though slight, had adrenalin been used, showing 
apparently that this preventive action sometimes lasts longer in the case 
of the pituitary gland. That this feature in no way depends on an in- 
crease in blood pressure is better illustrated by the pituitary than by the 
fresh adrenal extracts, since the former on many occasions fails to raise 
the blood pressure and more frequently the rise is so slight and so tem- 
porary as to be of evidently little consequence. In this respect of raising 
the blood pressure, the pituitary extracts used by us were by no means as 
constant or reliable as those made from the suprarenals. 

On varying the time of injection, as we had done with adrenalin, 
and giving the extract after excitation of the pancreas by secretin, then 
before its excitation, and, finally, with the injection of secretin, we met 
with nearly identical results. In both of the latter instances the flow is 
prevented by the dose mentioned (3 ¢.c.), and in the former it is greatly 
slowed and generally promptly stopped. In regard to both the adrenal 
and pituitary extracts it is noticeable that their action is apparently 
more marked when the injections precede or are coincident with the 
injection of secretin than when they follow it. Sometimes, with a very 
active pancreas, the initial dose of adrenal or pituitary would be insufti- 
cient to retard very much a violent response to secretin, but we found 
that if given before the injection of secretin the flow was always in- 
hibited. 

The commercial extract of pituitary gland which we first tried (the 


exact nature of which was, of course, entirely unknown to us) was open 
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to the same theoretical objection as adrenalin, and it was possible that 
methods of preparation or the preservatives used in its manufacture 
might conceivably produce these effects or modify in some way its own 
properties; indeed, they might actually disguise those with which we 
were concerned. We, therefore, determined to prepare our own extract, 
which we did as follows: 

On the occasion mentioned above, when thirteen dogs were killed, 
we removed separately both portions of the pituitary gland, nervous and 
glandular. This procedure is relatively simple in the dog, as the organ 
is easy of access and is exposed to view as soon as the frontal lobes of the 
brain are raised. The nervous part in the dog is a small white globule 
about the size of a grape-seed, and on being crushed extrudes a slight) 
viscid juice which can be rubbed into a paste. To the thirteen infundi- 
bular portions so treated we added 30 c.c. of normal salt solution, agi- 
tating the whole for some time to insure as complete extraction or solu- 
tion as possible. The resulting fluid contained very little residue of any 
sort and was transferred directly to a small sterile Erlenmeyer flask. 
The glandular portion of the pituitary was then treated in the same way 
with an equal amount of salt solution and transferred to another flask. 
It might be mentioned here that, while histologically the glandular por- 
tion of the pituitary body is epithelial tissue, it in no way resembled a 
gland macroscopically, and by the uninitiated eye would be taken for the 
nervous element. On being crushed it resembles so much fairly dense 
tissue and gives a solution more tinged with blood than the nervous 
extract, which is almost white in color. 

The extract from the nervous portion of the pituitary was active 
in regard both to blood-pressure and to the suppression of the pan- 
creatic flow, agreeing in all respects with the other preparations tried. 
The dose used was 10 c.c. of extract, which was equivalent to the nervous 
fraction of about four and one-third whole glands. The blood pressure 
was raised to a degree somewhat less than was seen after most of the 
other pituitary injections, but this may well be accounted for by the 
strength of the preparation, which must have been considerably lower 
in actual extractive content than the commercial article, which is made 
from the organs of larger animals. 

The extract from the epithelial portion of the pituitary was injected 
without any evident effect on either the blood pressure or the flow of 
juice, which is quite remarkable, considering the immediate contiguity 
of the structures, and argues much for a speciticity of action. We shall 


have more to say on this subject later. 
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Having satisfied ourselves that the pituitary and the suprarenal both 
contain something whose action on the pancreatic flow is marked, it re- 
mained now to investigate other tissues. The one of known physiologic 
interest as regards its therapeutic action we had already tried with a 
negative result, but it could not be postulated that other organs or other 
tissues might not contain some principle which would act analogously. 
Consequently we made extracts of the parenchyma of other glands and 
of other nervous tissue. Of the former the epithelial portion of the 
pituitary already served as a striking instance. About one-fourth of 
the liver of a freshly killed dog was put through a hash machine and 
then ground with sand and a small amount of normal salt solution in a 
mortar until a fairly uniform mass resulted. More normal salt solution 
was then added, making a total of 150 ¢.c. used, and the whole agitated 
and ground in a mortar as well as possible for about twenty minutes. It 
was then passed through unbleached muslin to free it from sand and 
tissue residue and then transferred to a sterile Erlenmeyer flask. 

In addition to the above, on another occasion, a glycerin extract of 
liver was made by adding about 150 ¢.c. of glycerin to the mass passed 
through the hash machine as recorded, and after agitation and pressure 
in a mortar the whole was allowed to extract for twenty-four hours. A 
small amount of water was then added and the mass strained. Another 
watery extract had been previously prepared and this procedure was 
repeated only because it was thought that an unavoidable delay of some 
uours might in some way have impaired the activity of the first. With 
the exception just noted, the glandular extracts of our own prepara- 
tion on which we based conclusions were all made within a few hours 
of the death of the dogs and injected within a few hours at latest after 
their preparation. None of the liver preparations seemed, however, to 
have the slightest effect on the flow of juice, though the blood pressure 
was sometimes considerably lowered, as has been shown by Halliburton, 
Dixon and others to be the case with several organ extracts. 

We next experimented with nervous tissue, for which purpose we 
obtained the brain of a freshly-killed dog, passed it entire through a 
hash machine and then ground the pulp in a mortar with sand and a 
total of about 130 ¢.c. aqua distillata. Distilled water was used inad- 
vertently instead of normal salt solution, as in the other experiments. 

While the subject of the depressing effect of extracts of nervous tissue 
has already been pretty thoroughly studied by Halliburton and others, it 


9. The animals were killed between 6 and 7 a. m. The suprarenal and 
pituitary glands removed between 8 and 10 a, m., and extracts made by noon 
They were injected during the afternoon and evening of the same day. 
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is interesting, apart from their relation to pancreatic activity, to com- 
pare the systemic effects produced by injections of this last preparation 
with those of other extracts. The amount of fresh liver substance taken 
for extractive purposes was about one-quarter of the organ, to which was 
added 150 cc. of extracting fluid. The brain of a medium-sized dog 
compares closely with this in bulk as well as in percentage of water. We 
macerated the brain with 110 ¢.c. of extracting fluid, so that bulk for 
bulk the solutions were approximately equal, putting aside the question 
of their respective yields on attempts at extraction, The first dose of 
brain extract used was 10 ¢.c. and with a slight fluttering and prelim- 
inary rise of blood pressure the dog almost instantly died. The doses of 
liver and other tissue extracts were 10 cc. and more. The next dose 
of brain extract was 5 c.c., and with a marked fall of blood pressure this 
animal died at once, though nothing had been previously injected into 
him. The next dose administered was 1 ¢.c. of extract in 10 e.c. H,O, 
and again a fresh animal at once died; and finally we injected 0.25 c.c. 
diluted with 10 c.c. of water, and though the blood pressure fell alarm- 
ingly and it seemed by the cardiac inhibition and small excursion of 
pulse that this animal would also succumb, the blood pressure rose again 
and the animal seemed to recover. However, after one or two.injections 
of secretin and adrenalin, which had been well borne in nearly every other 
instance, this dog also suddenly died, apparently from injury due to the 
first injection. 

It is interesting to note that, notwithstanding the powerful and 
almost lethal effect of even a small dose of the watery extract of brain 
tissue, absolutely no effect could be detected on the flow of pancreatic 
juice, which continued, as we had frequently observed before, when the 
animal was moribund. 

That the inhibitory action of the pituitary is therefore not a function 
of nervous tissue in general is clearly seen, because the mass of the brain 
as compared with that of the diminutive pituitary bodies is very great, 
and the effect of its extract, if potent, should be both actually and rela- 
tively greater. Moreover, the pituitary gland and brain substance are, 
of course, in the most intimate contact, and were this activity of the hy- 
pophysis common to other higher nervous tissue it is almost inconceivable 
that it should be so sharply differentiated in our work. Whether every 
part of the brain would act similarly in extract, or whether in such a 
yross method of extraction we have diluted, beyond evident potency, tis- 
sues from other active regions, is problematic. 

In view of the relation which the pituitary is supposed to bear to the 


testes, as evidenced by those cases of acromegaly in which a lesion is dem- 
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onstrable in the hypophysis, and testicles also, it seemed advisable to try 
the effect of extracts from testicular tissues, although the immediate 
physiologic effect of these on the circulation and economy in general has 
heen extensively studied by Dixon. We macerated two dog testes freed of 
their epididymes and then ground them up as before, with sand and 
mortar, finally adding a total of 78 ¢.c. of normal salt solution. The 
whole was then meshed through linen and injected in the usual manner. 
but no effect on the flow of juice was noticeable, whatever the time of the 
injec tions. 

Our purpose in making glandular extracts of our own was two-fold. 
In the first place, such a procedure was necessary to give us the material 
we needed to widen the scope of our work; and, in the second place, it 
seemed advisable to test whether, by the methods we used, we could 
extract the features of certain glands which are known to be present in 
them. Failing in that, it could hardly be assumed that we were capable 
of extracting the active features of other parts; but if, on the other hand, 
we were successful, it could be reasonably believed that in the tissues 
under consideration no active substance was present, or that, if present, 
it was not susceptible of extraction by these methods. We desire to be 
understood, therefore, as claiming, not that this observed antagonism of 
action is one positively peculiar to two organs alone, but that it is one 
manifested by them under certain conditions of treatment and a property 
which we have been unable to extend as yet to other tissues. That a cer- 
tain degree of specificity is probable from the evidence now at hand must 
be granted. Whether further observation will corroborate or disprove 
this it remains for the future to show. 

We also experimented with atropin. According to the physiologists. 
atropin depresses or suppresses practically every secretory activity in the 
body except that of the kidney, and possibly the pancreas. On the flow 
of pancreatic juice, however, we were unable to perceive the slightest 
effect from it. The amounts administered were nearer the physiologic 
limit for a dog than were the doses of adrenalin, which can be repeatedly 
given in quantities of 10 c.c. at a time, in the form of the commercial 
adrenalin chlorid, without much evident injury. Our records show that 
one of our dogs received 1/300 gr. atropin sulphate, followed in a few 
minutes by another dose of 1/300 gr., without evident result on the flow. 
whereas another fresh dog died from what resembled paralysis of the 
respiratory center, apparently as the immediate result of an injection of 


1.150 gr. Atropin neither prevented nor stopped the flow of juice. 
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Kfforts were also made to simulate with digitalis the rise in blood 
pressure produced by adrenalin and pituitary extract, but no effect of any 
value could be obtained in this connection. 

Now it is true that to speak of making an extract of so highly organ- 
ized and differentiated a structure as the liver, not to mention the brain, 
seems crude; but it is also true that in considering such a problem as 
we have here we must first begin with the lowest terms and with such 
methods as are compatible with our knowledge of the subject. Having 
found in two organs some active substance which can be extracted by 
their treatment with salt solution, we are driven to applying the same 
methods to other parts of the economy if we would learn more of its 
extent and distribution. It can well be urged that in different sites the 
same property or different properties require different methods of extrae- 
tion, and that treatment with water or glycerin in one instance will not 
effect the same result in another. Nevertheless, we have indubitable proof 
that both water and glycerin can extract certain of their activities from 
several organs, as, for example, the suprarenal and thyroid glands respec- 
tively, and we also have equal proof that from other regions of the body 
can be derived substances of such toxicity that an animal subjected to 
their action immediately succumbs. Just which of their numerous in- 
gredients are responsible for these properties we are often unable accu- 
rately to say, and it is even a disputed point as to what factor in the 
extraction of nervous tissue produces the profound depression of the vas- 
cular system which is followed by death. That the same methods of at- 
tack, under such circumstances, should therefore necessarily appear 
superficial and crude follows perforce. When we consider how easy of 
extraction by almost identical means is that principle of the adrenals 
with which we are most familiar, namely, the blood-pressure-raising ele- 
ment, it seems astounding that its discovery should date from a period 
so recent as 1894; and if it be borne in mind that such methods in that 
instance furnished striking knowledge and that we have progressed little 
since then in our knowledge of the functions of the suprarenals them- 
selves, the methods necessary in dealing with such an unknown subject 
appear less general and more definitely specific. 

We hope to be able to investigate this antagonism of action, after 
separating the pancreas from its nerve supply, as thoroughly as possible, 
since it may well be that the effects noted result from the mediation of 
the sympathetic system. It is of some interest to consider here briefly 
a few points in the morphology of the suprarenals and the pituitary in 
their relation to our observations. It has been shown®*'° that the 


10. Dixon: Jour. Physiol., Cambridge, 1900-1901, xxvi. 
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classic effects of adrenalin are produced in large part by its action on the 
svympathetics, and wherever we test its action, in respects other than 
those under consideration, we find the results identical with those ob- 
tained by stimulation of this system of nerves and ganglia. The supra- 
renals are derived morphologically from two sources, the cortex coming 
from the mesoblastic tissue and the medulla from a direct outgrowth of 
the svmpathetic system. As evidence of the latter we find in many of the 
lower orders distinct nervous tissues consisting of neurogliar cells, which 
are, however, harder to differentiate in man; indeed, in certain forms 
viz., teleostean fishes,* the two parts, medulla and cortex, remain separate 
through life. Now, an interesting corollary to our observed analogy of 
action between the suprarenals and the pituitary is the fact that mor- 
phologically we could reasonably conceive of these two organs as having 
something in common. The pituitary body, like the suprarenals, consists 
of two parts, and again like the adrenals, each part has a separate de- 
rivation. The anterior lobe has its origin from one of the branchial 
clefts in a pouch of buccal mucous membrane."' The posterior is de- 
rived, like the medulla of the adrenal, from the ectoderm. It comes from 
the floor of the third ventricle, to which it remains attached by a stalk, 
viz., the infundibulum. According to some, the larger anterior lobe has 
two sources, the primitive oral tissue in early life and the anterior por- 
tion of the alimentary canal.’* Wiederscheim™ says that “the secretion 
from the pituitary gland formerly passed into the ventricles, and one 
of the more recent theories assumes that the pituitary corresponds to 
the primitive mouth (palwostoma) of the proto-vertebrata, which to a 
greater or less extent is represented by the combined impaired nasal and 
pituitary passage of cyclostomes.” In certain mammals there can yet be 
seen evidences of the passage which connected the anterior part with the 
posterior part and thence with the third ventricle.’ These facts by 
themselves are of interest, and in connection with our observations they 
are not in discord. That an organ so anatomically remote as the pituitary 
should have a definite influence on a gland in possible morphological 
relation to it is therefore less surprising. 

As with the adrenals, it is that part derived from the nervous system 
which gives rise to the blood-pressure as well as the inhibitory element. 
For neither the epithelial portion of the pituitary nor the cortex of the 


suprarenals, however, is there any recognized function. The two parts 


11. Herring: Jour. Physiol., Cambridge, xxxvi, No. 6. 

12. Stengel: Text-Book of Pathology, Philadelphia, Saunders, 1906. Davidoff, 
Bihm: Text-Book of Histology, Huber, 1900, p. 380. 

13. Wiederscheim: Comparative Anatomy of Vertebrates, Parker, 1897, p. 155 
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of the pituitary can be worked up and extracted separately, as noted 
above, but this has not yet been possible with the adrenal, so far as its 
inhibitory action is concerned, although from the suggestive analogies 
between these two organs and the very evident limitation of the inhib- 
itory feature of the pituitary to its nervous moiety, it seems probable 
that the adrenalin inhibition has the same point of origin as the blood- 
pressure factor, viz., the medulla; still, this can not be postulated at 
present, and it may be, indeed, that we have here an expression of on 
of the functions of the suprarenal cortex. 

Since the completion of our experiments some work has been reported 
by Botazzi, D’Errico and Jappeli,’* in which they obtained an inhibition 
of flow from the salivary gland by painting it with adrenalin. Stimula- 
tion of the chorda tympani then failed to give a response. Without ques- 
tioning the accuracy of their findings, which are at variance with the 
work quoted by Cushny, the question as they present it does not argue an 
inhibitory action on the salivary gland analogous to that observed by us 
on the pancreas. In the first place, they are dealing with a gland ex- 
cited by purely nervous means and not by a chemical substance which 
reaches it through the blood. Again, and more important, the inhibited 
salivary gland is stated by the above Italian workers to be in the highest 
degree anemic after local application, a condition in which it is hard to 
conceive of its having an activity of any sort, since it is for the time 
being out of commission. This is, of course, in no way comparable to 
the action of adrenalin on the pancreas (if its action is on the pancreas) 
when the flow of juice in the latter organ is inhibited by a systemic in- 
jection into the jugular vein. And, furthermore, this view of the matter 
does not explain the action of the pituitary which has, as far as we know, 
no such reported action on glands. Finally, to aseribe to an ischemia 
of the pancreas the inhibition of pancreatic flow after jugular injection 
of a small dose of adrenalin, supposes that most or all of the organs of 
the body become anemic to such a degree that they can no longer act, 
which is stretching a hypothesis beyond the facts to support it. 

It is somewhat immaterial, however, whether adrenalin acts on the 
pancreas alone or also on other organs, since the point of interest is that 
in affecting it at all in this way it affects the one gland of the body whose 
connection with diabetes is best established. That it might also affect 
certain other analogous structures with inhibition would not be surpris- 


ing, though the evidence now is against it. 


14. Botazzi, D’Errico and Jappeli: Physiol. Inst. Univ., Naples; Biochem. 
Ztschr., January, 1908, vii, 431. 
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One feature of our work demands some notice and is of suggestive 
interest. On the day when we experimented with the pituitary and 
suprarenal extracts of our own manufacture we made our first injections 
about 1 p. m. The preparations used for this purpose had been made 
between 10 a. m. and 12 m. from the animals killed early that morning 
as noted. The samples of suprarenal extract first injected were vigor- 
ously active. Because of press of work under the desire to utilize our 
preparations before they were affected by decomposition, we were unable 
to use the pituitary extracts before evening, about 8 p. m. Although 
tried then for the first time, about eight hours or more after their manu- 
facture, they acted vigorously, as stated. On endeavoring to repeat with 
the suprarenal extracts our work with them of the early afternoon, how- 
ever, we were able to get no inhibitory action, although the blood pressure 
was still raised. To control this conflicting observation we tried a prep- 
aration of adrenalin made some weeks previously from the dried extract 
of the suprarenal gland put on the market by Parke, Davis & Co. in 
small grain vials and said to be free from preservatives. This solution 
corresponded purposely, in adrenalin strength, to the usual commercial 
article containing the preservative chloretone. It was remarked by one 
of us immediately prior to the injection, while filling the syringe, that 
the solution showed a slight mould. It had been used many times before 
and had in every instance been powerfully and emphatically active, 
though there had been a lapse of perhaps a week since its last use. To 
our surprise, this preparation raised the blood pressure decidedly, but 
was absolutely without influence on the flow from the pancreas. We 
then tried an injection of the commercial adrenalin chlorid solution, also 
some weeks old but containing chloretone, which both raised the blood 
pressure and inhibited the flow, as we had repeatedly observed before. 

The absolute significance of these observations can not be established 
until we repeat our experiments in this particular connection, but the 
most obvious and reasonable deduction is that the extracts from the 
suprarenal glands contain two or more substances, one of which acts on 
the blood pressure and one of which acts to inhibit the flow of juice. The 
former of these seems the more stable of the two and resists decomposi- 
tion for a considerable time, but the latter loses its activity very shortly, 
perhaps in a few hours. In the instance of the preparations of our own 
manufacture, from dog organs, the tissues and the extracts from them 
were, of course, contaminated from the start with the ordinary postmor- 
tem putrefactive agents, and in order in no way to impair the efficiency 
of the extracts no attempt was made to introduce preservatives or ster- 
ilize them. The “dried extract” of the gland, however, was presumably 
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sterile to start with and the solution made from it remained fairly free 
from infection except in so far as it was contaminated by the initial 
weighing of the dry powder. Sterile salt solution was added to this 
and the solution kept on ice in a corked bottle, the only further con- 
taminating agent, beyond contact with the air when the cork was re- 
moved, being the needle of the syringe. This was always thoroughly 
cleansed with water after each injection, though not sterilized. Under 
these circumstances decomposition would surely proceed rapidly from the 
start in the case of our dog preparations, but slowly in the case of the 
others. We can offer no explanation for the apparently greater stability 
of the pituitary inhibitory factor except that the pituitary glands, being 
small, were easily mashed in a small agate mortar and quickly transferred 
to small flasks, while the suprarenals required longer and more vigorous 
treatment with sand in a mortar, had also first been run through a hash 
machine, and were hence more open to infection. 

The process which operated to destroy the activity of these prepara- 
tions may be simply that of decomposition by putrefactive organisms, 
or it may be, on the other hand, of an oxidative nature more like that to 
which Bayliss and Starling have ascribed the slow deterioration of secre- 
tin and its more rapid loss of activity on evaporation in efforts to con- 
centrate it. All the points here suggested are yet to be worked out, how- 
ever, in their relation to our work. 

We are by no means sure, at the present writing, of the full interpre- 
tation of the results under discussion. They are but the earliest steps in 
a line of work on which further observations may throw much light. 
They seem to us, however, to be very suggestive in their possible bearing 
on other interglandular relations, on the medium in which these are 
maintained, and possibly on a new conception of the interdependence 
of various organs now the subject of speculation. For these reasons it 
seemed advisable to publish our results at this stage and make their 
further amplification the subject of later contributions. 

In studying the records, and indeed through a consideration of all 
our work, it must be borne in mind that we are dealing with a balance of 
power between various factors, no one of which is susceptible of exact 
definition or measurement. As with the study of the pharmacologic 
action of drugs, there must be taken into consideration, besides the size 
of the dose, the activity of the organ under consideration, and the condi- 
tion and size of the animal as a whole. What may be quite sufficient 


markedly to affect one animal may be altogether inadequate in the treat- 


ment of another. 
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Popielski® has recently taken issue with Bayliss and Starling as to 
the method of action on the pancreas of acid extracts of the intestinal 
mucosa and indeed as to the existence of secretin at all, as a specific 
excitor. He also claims to be able to produce pancreatic activity with 
extracts of stomach and large intestine. The main point of discussion 
in this controversy is somewhat beside our present issue, though there 
are a number of incidental features which have a close relation to some 
observations of our own. 

Popielski thinks that the secretion of pancreatic juice after excita- 
tion by secretin is dependent on a fall of blood pressure and that if the 
blood pressure be maintained high no flow results. He uses adrenalin 
to raise the blood pressure and notes with the high pressure that there 
is no flow. He concludes also, as an incidental point, that adrenalin, in 
itself, does not inhibit pancreatic activity. He considers that stimulation 
of the pancreas by secretin and stimulation by HCl in the duodenum are 
different processes. Now, it seems to us that our work throws some light 
on several of these questions. In the first place, we have obtained some 
further results with adrenalin (already mentioned and to be referred to 
again presently). Popielski’s use of it seems to have been solely to raise 
the blood pressure. In so doing he has apparently overlooked the other 
feature of it, for, while he notes incidentally that it does stop the pan- 
creatic flow, he thinks this phenomenon due to the high blood pressure 
and not to the adrenalin proper. He specifically states that adrenalin 
in itself does not influence the flow of juice. Now, as we mentioned 
above, one of our series of experiments conclusively proves that it is 
possible to obtain a flow after the injection of secretin, despite the fact 
that the blood pressure is raised to a high point. We refer to those 
observations, happened on by chance, in which exposure to air and 
apparent decomposition had destroyed the inhibitory factor of a solution 
of adrenalin, but allowed the blood pressure element still to act. What- 
ever the true explanation of this—and we offer nothing positive on this 
point—it is a fact that on several occasions such a solution distinctly 
raised the blood pressure sometimes to a very high point, and yet the 
juice fiowed. To have noted this once would be sufficient to prove it pos- 
sible. We have a number of such records. Not only does this prove that 
it is not the blood-pressure element alone of adrenalin which affects the 
flow of juice, but it also proves that, as just stated, a flow may take 
place following secretin when the pressure is high and that, therefore, a 
low blood pressure is nof, as Popielski claims, a feature necessary to it. 


15. Popielski: Arch, f. d. ges Physiol., 1907, exx, 451; 1908, exxi, 239. 


RALPH PEMBERTON—/, EDWIN SWEET, 645 


His findings in regard to the failure of atropin to affect the flow are 
in agreement with ours, viz., that no inhibition results from it. We have 
as vet been unable to effect a secretion from the pancreas by the injection 
of extracts of other tissues, though we have not yet tried those particular 
tissues (i. e., stomach and large intestine) used by Popielski. He states 
that a watery solution is sufficient to extract the exciting factor, and we 
used also water and normal salt solution in our work. We obtained no 
flow, but, on the contrary, from certain tissues, as mentioned above, we 
obtained an inhibition. We also made an acid extract of the pancreas 
with 0.4 per cent. HCl, and treated the whole exactly as we did a coinci- 
dently prepared and active solution of secretin. No flow resulted, how- 
ever, from the acid extract of pancreas. 

It should be mentioned also that after section of both vagi we still 
obtained the inhibitory effect from suprarenal and pituitary extracts. 

Some further interesting observations have recently appeared whic! 
deserve reference. Fleig’® reports on the physiologic properties and 
toxicity of normal pancreatic juice and that provoked artificially. He 
considers as normal, juice elaborated under the influence of chyme 
secreted through a duodenal fistula in an otherwise sound dog and then 
injected into the duodenum of the dog whose pancreas is under considera- 
tion. The quantities of chyme required under these circumstances are 
considerable (20 to 30 c.c.) and they must be repeatedly injected (every 
ten to twenty minutes) to induce a proper flow. The secretion thus pro- 
voked differs much from that which follows intraduodenal injections of 
0.3 per cent. HCl, the time required is much greater and the quantity of 
juice furnished “infinitely less.” Under the influence of chyme thus 
conducted the juice remains very thick and viscid from beginning to end, 
whereas juices secreted after more artificial stimulation differ in this and 
other physiologic respects until after repeated injections of secretin. For 
example, the pancreatic juice may have hardly any of its normal physical 
characters. 

Natural and artificial secretions also vary in their toxicity when in- 
jected into animals, the former being more powerful in this respect. The 
lowered toxicity of secretin juices, Fleig thinks, is in consonance with 
their poor content of solids rather than their relative tryptic inactivity. 
He says that the above conditions are true also in general of the biliary 
and salivary secretions. 

Now it seems to us that the above results are what might be expected. 
That a purely artificial and foreign substance, such as secretin, full of 
other extraneous matter and differing itself not only in quantity but in 


16. Fleig: Compt. rend. Soc. de biol., May 8, 1905, No. 15. 
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quality from the normal pancreatic excitant, should produce the same 
juice as does the slow extruder gastric chyme, acting over perhaps many 
hours, seems unlikely in the highest degree. It would, indeed, be extraor- 
dinary if the results of such varied stimulation were the same. The 
amount of excitant which reaches the pancreas normally from the duo- 
denum is surely a small or moderate quantity; that which is injected 
with secretin is not only concentrated in preparation from many feet of 
vut, but is injected in a few seconds to spend its whole force at once. It 
is hard to see how any gland could long continue to elaborate a normal 
product under such vigorous treatment. We hope to investigate shortly 
the effect of adrenalin and pituitary extracts on the pancreatic flow after 
stimuli other than secretin, especially chyme from a gastric fistula in an 
otherwise healthy dog, but it seems probable that the principles are much 
the same on which depends secretion after all of these and that the results 
of such work will be in harmony with what we have already seen. If 
adrenalin and pituitary extract inhibit the sudden and violent initial flow 
from secretin, it is conceivable that they would also affect the mild re- 
sponse from other stimuli. It must be remembered that the altered 
nature of pancreatic juice after secretin comes as the result of protracted 
and powerful stimulation and not from the initial dose. 

It is interesting to note in connection with our work the observations 
of Meyer and Frouin,'’ which afford some evidence that extirpation of 
the suprarenals, after the induction of diabetes in depancreated animals, 
modifies the severity of the diabetes and reduces the elimination of sugar. 

We hope to concern ourselves now with the question of the site of this 
antagonism between the pituitary and suprarenal glands, on the one 
hand, and the pancreas, on the other; with the question of whether it is a 
chemical action, in the general sense of the word, which oceurs in the 
circulation, or whether it is the result of some influence exerted on the 
pancreas alone; or whether, again, it is accomplished through a nervous 
mechanism. The solution of these problems should give information of 
value in studying the influence of such factors on the so-called “internal 
secretion” of the pancreas, and its relation to diabetes. Whether, on 
hvpodermic injection, adrenalin produces glycosuria, which it does in a 
few minutes, by virtue of an inhibition of the internal secretion of the 
pancreas analogous to the inhibition of its external and visible dis- 
charge, is vet to be investigated. We have been unable to produce a 
vlycosuria after either the subcutaneous or intravenous injection of 4 


ec. of pituitary extract. The solution used was made for us without 


17. Mever: Compt. rend, Soe. de biel. Feb, 14. 1908, p. 219 
IS. Frouin: Compt. rend, Soe, de biel., Feb. 14, 1908, p. 216 
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chloretone by the manufacturers, but we have not as yet controlled its 
inhibitory activity on the external pancreatic flow and, therefore, can 
not be positive on this point. 

It yet remains to investigate more thoroughly the degree of specificity 
by trying the effects of other tissues and other methods of extraction; 
but, whatever the result of this, it appears reasonably certain that this 
feature to which we have called attention is one peculiar to certain 
structures, and from the data now available the expression of hitherto 
unknown properties of several organs. 

In conclusion, it is a pleasure and a duty to express our great obliga- 
tion to Dr. David L. Edsall for his constant and helpful interest in the 
work, and we also wish to thank Dr. John Marshall for many courtesies 
in the loan and equipment of apparatus. 


CONCLUSIONS, 


1. The suprarenal glands and the nervous moiety of the pituitary 
hody in dogs contain something which, on extraction with salt solution 
and intravenous injection into dogs, cuts short the flow of pancreatic 
juice, after the administration of secretin. It also prevents the stimula- 
tion of the glan* by secretin if its injection precedes the secretin. 

2. This feature has been found, to date, in no other tissues. 

3. It is independent of the general rise in blood pressure seen after 
the intravenous injection of adrenalin and pituitary extracts. 

4. The inhibitory factor of extracts of the suprarenal glands seem to 
disappear by decomposition, oxidation, or other process, before the blood- 
pressure raising element is gone. It would appear that the suprarenal 
and the pituitary bodies have at least one property other than those 


qualities generally recognized as present in them, 
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THE CLINICAL VALUE OF THE QUANTITATIVE ESTIMA- 
TION OF PEPSILN, 
WITH SPECIAL REFERENCE TO THE METTE AND RICIN METITODS.* 


CLIFFORD B. FARR, M.D., 
AND 
EDWARD H. GOODMAN, M.D. 


PHILADELPHIA, 

Beaumont’s famous experiments showed that the gastric juice, even 
outside the hod, had an active solvent action on food, and this led Miil- 
ler to suspect the presence in it of a substance acting like diastase on 
starch flour. Eberle, in 1834, found this principle to be present in the 
acid gastric mucus. Miiller and Schwann found that this was true of 
acid extracts of the mucous membrane, but that neither acid nor extract 
alone had any activity. Subsequent research showed that this was a 
property of the gastric mucus or secretion and not of mucus in general, 
as was originally surmised. Pepsin has since that time been exhaustively 
studied, and many remarkable facts have been demonstrated, the most 
interesting of which is Schiitz’s law, so-called, which is that the quantity 
of pepsin varies according to the square of the amount of albumin di- 
gested. In spite of all the effort that has been devoted to its study, 
pepsin, as such, has never been isolated in a pure state, so that it is im- 
possible to estimate it quantitatively in a true sense of the word; all that 
can be done is to measure its effects and thus gain an idea of its concen- 
tration in a given solution, 

The numerous quantitative methods for the estimation of the activity 
of pepsin have been so frequently reviewed that it is hardly necessary to 
discuss the older literature at length in the present paper. It will be 
sufficient to refer to the summaries in recent text-books, such as that of 
Boas, or to the articles of Koettlitz, Nirenstein and Schiff, Robin, Roth, 
and others. The following brief enumeration is, in part, after Roth: 

1. The procedures of Bidder and Schmidt, Briicke, Gruenhagen, 
Jaworski, and Herzen are methods in which the stomach contents are 
diluted until no further digestion occurs or in which a certain amount 
of albumin or fibrin is exposed to the digestive action of pepsin for vary- 
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ing periods of time. The amount of pepsin is calculated with reference 
to the dilution required or the time elapsed. Griitzner and Bourget used 
fibrin colored with carmin and estimated the amount of pepsin by the 
intensity of the red color of the gastric juice produced by the solution of 
the fibrin. Spriggs utilized the change in the viscosity produced by 
digestion as a measure of the ferment action. ‘These methods at the best 
can only give approximate results. 

2. Klug (Van Valzah and Nisbet) used the biuret test as a measure 
of the albumin digestion. The elder Schiitz, Oppler and J. Schiitz also 
calculated the amount of pepton formed; Schiitz by the polarimetric 
method and Oppler and J. Schiitz by the estimation of the total nitro- 
gen. Oppler used the Kjeldahl method, but surrounded his test with so 
many precautions to secure natural conditions of ferment action and 
accuracy in results that it is generally regarded as the best and at the 
same time the least available of all methods. 

3. In recent years Mette, Hammerschlag, Bettman and Schrider, 
Solms, Gross and others have introduced methods which aim at the exact- 
ness of the last-named procedure, combined with ease of application. 
Solms’ test is described in full below. Bettman and Schriéder deter- 
mined the amount of pepsin by observing the rapidity with which the 
foam produced by shaking up an albumin solution containing pepsin is 
dissolved. Some of those who have employed this plan do not appear to 
have been favorably impressed (Cobb). Hammerschlag’s method is too 
widely known to require detailed description. It is based on an estima- 
tion of the albumin in a special solution, before and after digestion, by 
means of the Esbach albuminometer. We have used it in a few cases 
and have found, as far as our limited experience goes, that the results 
correspond in a general way with those obtained by the Mette method. 

The following table illustrates a few comparative tests with the Mette 


and Hammerschlag tests: 


No. Mette. H. 
3.2 mm. Sl per cent. 


Hammerschlag’s test is generally regarded as inferior to that of Mette 
and possesses many faults which have been enumerated by Roth and 
others. 

The method of Mette, as modified by Nirenstein and Schiff, is gen- 
erally conceded to compare in exactness with that of Oppler. The technic 
which we have employed is not widely different from that of Nirenstein 
and Schiff (ef. Sahli) and was described by one of us, with Dr. Sailer, a 


vear or two ago. For the convenience of those to whom it is unfamiliar 
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it may be briefly described. Glass tubes, 1 to 2 mm. in caliber and 20 
or 30 em. in length, are filled by suction with white of egg, plugged with 
bread and boiled for five minutes. They are then sealed with sealing 
wax and after three days are ready for use. The test is carried out as 
follows: One c.c. of the gastric filtrate is diluted with 15 c.c. of N/20 
hvdrochloric acid. Two sections of tubing, 2 or 3 mm. in length, are 
added. A triangular file is sufficient for cutting the tubes. The speci- 
men enclosed in a covered dish is kept in a thermostat at 37° C. for 
twenty-four hours. At the end of this period the column of albumin 
digested at each of the four exposed ends is carefully measured in tenths 
of a millimeter. An average of the four readings is recorded as the 
result, but it is usual to square this for comparison with other tests in 
accordance with Schiitz’s law. 


The following examples will make this clear: 


No. Dil. Reading. Squares. Relative Strength. 
. lin 4 6.8 46 4 
P.271 3.4 11.6 1 
Li ae lin 4 64 41 4 (approx.) 
| eee 1 in 16 3.3 10.9 ] 


Mette’s test thus modified excludes various errors which impair the 
value of many other methods, because it possesses the following advan- 
tages: 

1. The acidity in all cases is rendered approximately uniform with- 
out any tedious titrations being required. 

2. The dilution is sufficient to overcome inhibition due to albumoses 
(Sailer and Farr), etc., or antiferments. 

3. A uniform surface is exposed to digestion at all times. 

4¢ Numerous observations show that it complies with Schiitz’s law in 
dilutions sufficient to avoid inhibition and to prevent a digestion of 
more than 4 mm. 

Objections to the method are: 

1. Albumin from different eggs or albumin coagulated at different 
temperatures or heated for different periods of time varies considerably 
in digestibility. 

2. Differences in the caliber of the tubes beyond certain limits affect 
the readings. 

3. Wide variations in the temperature of the thermostat have the 


same effect. 

4. There is a decided personal index in measuring the column of 
albumin. 

These faults can be largely overcome by the following measures: 
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1. An unvarying technic and the use, possibly, of artificial or dried 
egg albumin of uniform quality (Onuf). 

2. The use of an artificial pepsin control. For this purpose a 1 or 2 
per cent. solution of a standard pepsin should be employed, diluted 1 in 
16 in the same way as the specimens to be examined. 

3. A uniform method of measurement. 

In these tests we employed an ordinary clinical microscope (low 
power) fitted with a movable stage and vernier scale. 

Two illustrations will show the value of controls where there are wide 


d iscrepancies 


(a) No, Mette, (b) No, Mette. 
M 273 of 4.4 
M 520. : 2.8 
M 251 2.8 M 638 3.9 
Control pepsin, 1/16 per cent. 4.2 Control pepsin, 1-16 per cent. 2.8 


Comparison in these cases leads us to lay less stress on the high figures 
obtained in the first experiment. Similarly M. 251 can be regarded as a 
case of greatly diminished pepsin, while M. 520 with the same reading is 
merely a low normal. 

Jacoby, in 1906, in a short article disputing Pawlow’s assertion that 
pepsin and rennin were identical, introduced a new method of determin- 
ing pepsin, which, he claims, decided definitely the individuality of the 
two ferments. This method was by means of ricin, a solution of which, 
he found, was cleared up by pepsin. Although this peculiar property 
had been observed by him some time before while pursuing his study of 
ricin, its adaptability to clinical use was not brought forward until Solms 
published his paper in 1907. 

Jacoby had found that, if pepsin were added to a 1 per cent. solution 
of ricin in salt solution, the cloudiness due to the albuminous substances 
in the ricin disappeared rapidly and completely. Working on this under 
lacoby’s direction, Solms evolved the following simple procedure, the 
only fluids needed being a solution of ricin and a N/10 hydrochloric 
acid solution : 

The ricin solution is made by dissolving 0.5 gram of ricin in 50 e.e. 
of a 5 per cent. sodium chlorid solution and filtering. (The recin used 
by Solms was obtained from the Vereinigte chemische Werke, Charlotten- 
burg, Salzufer 16, costing 2 marks for 10 grams. Solms preferred this 
preparation of ricin to Merck's, principally on account of the limited 
supply and the great cost of the latter.) The filtered ricin solution has 
a somewhat cloudy appearance, but on the addition of 0.5 cc. N10 


hydrochloric acid solution becomes decidedly milky. The milky appear- 


ance is cleared up bv pepsin. 
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Ilis technic is as follows: The gastric juice is obtained by extracting 
the stomach contents one hour after the ingestion of an Ewald-Boas test 
breakfast. He tests this for the presence of free hydrochloric acid, then 
determines the total acidity, and in appropriate cases examines for lactic 
acid. According to his findings he makes varying dilutions of the con- 
tents with distilled water. In cases of hyperacidity he dilutes the filtered 
contents from 1:100 to 1:10000, whereas in cases of anacidity or sub- 
acidity the dilutions vary from 1:10 to 1:100. In normal cases he 
dilutes from 1:100 to 1:1000. 

In each of the five test tubes he puts 2 c.c. of the filtered ricin solu- 
tion; then with another graduated pipette he adds 0.5 e.c. N/10 hydro- 
chloric acid, which causes the mixture to become very cloudy. Having 
numbered the test tubes 1, 2, 3, 4 and 5, he puts in the first tube 1 c.c. of 
boiled gastric juice; in the second, 0.9 ¢.c.; in the third, 0.8 ¢.c.; in the 
fourth, 0.5 c.c., and in the fifth, 0 cc. Then he takes the unboiled juice 
and, having diluted 1 ¢.c. of juice with 99 c.c. of water, he puts in the 
first test tube 0 ¢.c.; in the second, 0.1 ¢.c.: in the third, 0.2 ¢.ec.: in the 
fourth, 0.5 e.c., and in the fifth, 1 ¢.c., so that in each tube there are 3.5 
e.c. of fluid. The test tubes are then corked and put in an incubator, 
where they are allowed to stand for three hours; at the end of this time 
they are taken out and the tubes examined to see with what dilution the 
ricin has been cleared up. If an incubator is not at hand the tubes can 
be left at room temperature, of course for a correspondingly longer time. 

In order to obtain a convenient expression of the pepsin content of a 
gastric juice, he designates that amount of pepsin contained in 1 c.c. of a 
1:100 dilution, which is capable of clearing up the ricin solution after 
three hours’ standing in an incubator, as 100 pepsin units. This he has 
decided on as the normal standard, because after many examinations of 
specimens of normal acidity he found the ricin to be cleared up by 1 c.c. of 
a solution diluted 1: 100, Solms considers the normal acidity to be 40 to 
60, and anything above or below this to be hyperacidity or hypoacidity, 
and gives tables showing the pepsin content in these various conditions. 
His tables show no fixed relation between the acidity and the amount of 
pepsin, except in those cases in which the acidity is very low or the free 
hydrochloric acid entirely absent, under which conditions the pepsin will 
be found to be low also. Solms thinks that from a study of his tables he 
has learned nothing which would tend to show that the estimation of 
pepsin has a diagnostic or therapeutic value. 

Witte studied this new method of Jacoby and Solms and recommends 
it strongly on acount of its simplicity and cheapness. The only moditi- 


cation he proposes is to add a dilution of 1:50, since in his experience 


t 
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there have been cases where a dilution of 1: 100 did not quite dissolve the 
ricin. His conclusions are about the same as those of Solms, namely, 
that the normal pepsin unit is between 100 and 200 and that there is but 
slight relation between the acidity and the amount of pepsin, except in 
cases of lowered acidity, in which the pepsin is likely to be lower. Witte 
made a few comparisons with the Mette method, but prefers the ricin 


procedure. 
TABLE 1.—NORMAL ACIDITY—40-60. 
| 
== Ricia. | Mette. Diagnosis, | Case No. 
| | 
1| 40 0 | 100 not clear. 1.6 (2.6) | Carcinoma pylorus.*. F.S 
2} 4 | 30 100-200 3.8 (14.4) | Hyperchlorhydria.. M., 
3 | i+ 100 | 3.1 (9.6) | Chr. constipation. P., 385 
4| 4 + | Not made. 3.3 (10.9) | Hyperchlorhydria........ P., 2% 
5 | 26 | 200 | 32 (10.2) | Gastro-enteroptosis... . M.. 505 
6| 10 | 100 4.9 (24) Chloro-anemia.... M., 511 
7 w | 18 | 10 | 3.9 (15.2) | Chr. gastritis. ...... M., 570 
8 | 50 30 200 | 4.4 (19.4) | Migraine—dilatation of stomach M.. 511 
9 nO oe 100 not clear. | 0.5 (0.25) | Pyloric obstructiont G. ¢ 
10 | wm | + Not made. | 3.2 (10.2) | Constipation—nervous dyspepsia. P., 300 
11 | 530 | Not made. | 4.9 (24.0) | Chr. constipation. ....... F. B. 
32 | | 100-200 4.3 (18.5) | Gastric neurosis........-.- M., 44 
13) 54 36 100 Not made.| Tubercular enteritis... ....... 659 
| 24 100 Not made.| Cholecystitis... . M., SS4 
15] 58 30 | 100 not clear. | 3.7 (18.7) | Hyperchlorhydria........... M., 402 
16 | 58 | at 100 3.0 (9.0) | Neurasthenia—gastric neurosis... ..  M.,449 
7] 6 | 45 100 52 (27.0) | Choleeystitis—hyperchlorhydria ..| M., 791 
1s 60 | + 100 | 5.0 (25.0) | Malnutrition—chr. pancreatitis: ?).... 
1 5 | 20 100 Not made.| Gastrie neurosis M., 163 


* Without preliminary lavage. Lactic ac. +. Lower dilution of ricin not made. 


Probable carcinoma. Butyric acid. Lower dilution of ricin not made. 

Gross advances a new method which he claims to be simpler than the 
foregoing. His method is based on the precipitation of undigested casein 
by sodium acetate, but we have had no opportunity of studying its value. 
Gross claims that the Jacoby-Solms method is open to criticism on one 
point, and that is that the ricin they used is very impure and that there 
is no way of determining just what foreign bodies are mixed with it. He 
also objects to the method on grounds of expense, but this, depending 
merely on a personal point of view, requires no comment. 


: 

| 
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In making our studies we have followed closely the technic as laid 
down by Solms and have seen no reason to make any change or modifica- 
tion. The only drawback we have encountered is that the ricin solution 
must be freshly prepared. We tried making up a large amount, and fil- 
tering it only as needed, but the filtrate was so cloudy that it was difficult 
to determine the extent of pepsin digestion, as the solution did not be- 
come clear even when the gastric juice was but little diluted. After the 
ricin solution is once made, the preparation of the five tubes for peptic 
digestion occupies very little time, not more than seven minutes on an 
average, when once the technic has been perfected. 

The results of our studies are shown in the accompanying tables, 


which are self-explanatory. 


SUMMARY OF THE TABLE OF NORMAL AcripITy (40-60). 


Apart from three cases, Nos. 1, 9 and 18, the ricin and the Mette 
methods gave results within normal limits. In our table the ricin 
results of Case 1 is reported as “100 not clear,” but in this case, as in 
Case 9, lower dilutions than 1: 100 were not made. Finding that 100 
was not digested, we should have begun with a dilution of 1:10, when 
there would doubtless have been a low reading corresponding with that 
by the Mette method. Case 18 shows the Mette result to be at the ex- 
treme upper limit of the normal, while the ricin remains exactly normal. 
From a study of the table we see that, apart from those cases with or- 
ganic acids or diminished free hydrochloric acid, no aid in diagnosis 
other than that derived from the ordinary chemical examination has been 
obtained by the determination of pepsin. In Case 9 retention, favoring 
the production of organic acids, is the cause of the relatively high acid- 
ity. The same case (Table 2, 10), after lavage, showed a very low acidity 
and a minimal amount of pepsin. Therapeutically, the table is sugges- 
tive, but nothing more. 


SUMMARY OF THE TABLE OF LOW ACIDITY (BELOW 40). 


With low acidity the pepsin is also low, both by the ricin and Mette 
methods. In two instances, Cases 8 and 5, the Mette was normal, while 
the ricin was absent or diminished, respectively. This discrepancy can 
he explained, as the controls for the Mette tests were also high. In 
Case 14 the ricin was normal, while the Mette was subnormal. We have 
no explanation to offer for this variation. 

Pepsin determination seems to be of value in distinguishing simple 


gastritis and neuroses from achylia and carcinoma. In the last two the 


CLIFFORD B, FARR—EDWARD H, GOODMAN. 655 


pepsin is invariably very much diminished, whereas in the first two it is 
unaffected or but slightly altered. In this we disagree with Witte, who 
found that pepsin was always low in neuroses. 


SUMMARY OF THE TABLE OF HYPERACIDITY (ABOVE 60). 


With very few exceptions, the ricin and the Mette methods coin- 
cided in cases of hyperacidity, although the former is not capable of 
showing the finer gradations of the latter. In two cases, 27 and 55, 


TABLE 2.—SUBNORMAL ACIDITY—BELOW 40, 


Ricin. Mette. Diagnosis. Case No, 
= 
1 35 0 10-20 2.3 (5.38) Endarteritis— chr. tuberculo-is M., 140, 
2 BY | Not made. | 3.4 (11.6) | Constipation—Subacidity. . . 874. 
3 10 2.8 (7.8) Cholelithiasis—gastritis . . M.. 251. 
4 °6 0 20-50 2.0 (4.0) | Polyeythemia—cbr. gastriti-* M., S14, 
5 26 10-20 3.3 (10.9) | Gastric neurosis... . . .. M., 57%. 
6 0 10 (6.64) | Pyelitis. ....... 
7 2 0 10 1.0 (1.0) Chr. gastroenteritis?... ... . 893, 
2 0 0 3.4 (11.6) | M., 
10 0 | Not made. 0.5 (0.25) Carcinoma pylorust. ........ 
ll 12 0 Not made. 0.8 (0.64) | Chr. Diarrhea—achylia gastricag. . P.. 350. 
12 i2 0 Not made. | 0.5 (0.25) Incipient the.—splanchnoptosis : P., 5. 
13 4 0 Not made. 0 | Achylia gastrica — me P., 270. 
iW 18 (1) n 100-200 2.4 (5.7) Spastic stricture of esophagus... . P., 302 
15 34.(2) + | 100not clear. 2.2 (4.8) ib** ib. 
6 6 (3) 0 | 10 not clear. 0 ibtt ib. 
* Vomitus. + Lactic acid present. 
t Lactic acid present after lavage. See F. S., Table 1. 
§ No lactic acid, || Lactic acid present. 
Lower dilution of ricin not made. Contents esophageal dilatation. 


the ricin was 1,000, while the Mette was also high. In Case 3? there 
was a disproportion between the two methods, the ricin being 1,000 
while the Mette showed a normal value. In this case two dilutions of 
ricin were made, one of 1:100 and the other 1:1000, in each of which the 
result was 1.000 units. In two other cases, 53 and 56, the ricin was ab- 
normally high and the Mette low, which can be explained by the low 


result obtained in the control experiment. 
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Here our efforts to find some diagnostic aid in the quantitative esti- 
mation of pepsin have met with failure. The fact that there is no definite 
relation between the degree of acidity and the amount of pepsin might 
suggest the use of artificial pepsin in occasional cases. 


COMPLETE SUMMARY. 


Our tests indicate that the normal variation of the Mette method is 
between 3 (9) and 5 (25), of the ricin method 100 to 200. In carcinoma 
ventriculi, achylia and occasionally in chronic gastritis, the pepsin deter- 
mination reveals values below the minimal normal, but as a rule in neu- 
roses and chronic gastritis the pepsin is relatively but little affected in 
contradistinction to carcinoma and achylia, and this would seem to be of 
assistance in making a differential diagnosis between these conditions. 
We have found, as have others, that within normal limits there are wide 
variations without apparent relation to the acidity, but at present we are 
not in a position to draw any diagnostic or therapeutic conclusions from 
these observations. 

The results obtained with the ricin method correspond with those 
shown by the Mette method; that is, normal values and subnormal values 
are clearly shown, but the finer variations are not seen and when present 
frequently do not correspond with the Mette results. This is true even 
when we have made allowance for differences in the Mette tubes by means 
of the controls referred to above. 

Both tests are valuable as rough quantitative methods, and they are 
carried out with equal facility. The Mette has the advantage of exclud- 
ing variations due to differences in acidity without requiring any previous 
titration. There has been no attempt made to see whether the ricin 
method follows the law of Schiitz, nor has there been any attempt made 
to bring the various tubes to a uniform acidity. The variation in the 
acidity of the five tubes would seem a priori to be fruitful of grave errors. 
This could probably be obviated by suitable dilutions with N/20 hydro- 
chlorie acid, similar to those employed by Nirenstein and Schiff in 
their modification of the Mette method. These questions may form the 
basis of a supplementary communication. 

We have made little therapeutic use of the knowledge we have ob- 
tained. The wide variations in the pepsin values would suggest that the 
drug has been too much despised by stomach specialists, though this can 
not be said of practitioners in general. It would seem to be indicated in 
cases showing subnormal peptic values, with preservation of at least a 
fair degree of acidity. In chronic gastritis with low acidity and low 


pepsin, in achylia and in carcinoma it would be necessary to add hydro- 


* Vomitus. 


= 
62 + 
62 

62 
62 | 30 
62 34 
62 36 
62 | 16 
4 40 
64 30 
48 
64 + 
65 | 40 
65 | 40 
66 | 40 
66 | 36 
66 | 40 
67 + 
68 | 24 
68 42 

| 68 | 34 

| 68 | 46 
68 + 
6S 

6s | 44 
70 | 40 
70 | 40 
70 
70 | 46 
73 | > 
| 
55 
40 
76 30 
76 + 
| + 
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TABLE 3.—HYPERACIDITY—ABOVE 60. 


Ricin. Mette. Diagnosis. 


Not made. | 3.2 (10.2) | Gastriculcer,. jé....ccscecs 


Not made. 3.8 (14.0) | Constipation—chronie gastritis... .. 


100 4.6 (21.2) Cholelithiasis—pyloric adhesions... . 
100-200 Not made.| Goiter—dilated stomach. ....... 
100-200 4.1 (16.8) | Gastric neurosis............. 
10 3.8 (14.4) Carcinoma 
100 Not made. | Nephritis—gastritis..... . 
100 3.1 (9.6) Adhesions(?)—hyperchlorhydria. . . . 
Not made. | 2.3 (5.3) | Chronic gastro-enteritis.......... 
100 3.4 (11.6) | Syphilis—neurasthenia.......... 
100 2.8 (7.8) Myalgia..... 
100 Not made. | Gastroptosis—gastrie neurosis . 
200 3.6 (13.0) | Frontal sinusitis--neurosis--hyperacid.. 
200 4.3 (18.5) | Gout—neurosis—aleoholic gastritis.t 


100 not clear. 3.3 (10.9) Pancreatitis—hyperchlorhydria.. 


100-200 4.6 (21.2) | Choleeystitis—gastric ulcer 
100 4.0 (16.0) | Mypochondriasis.. . 
Not made, | 3.2 (10.2) Gastric ulcer....... 
100-200 5.9 (34.8) | Chr. appendicitis—gastric neurosis. . . 
100 Not made.) Jaundice—cholecystitis... .... . 
100-200 4.0 (16.0) | Gastritis—hyperchlorhydria,... . 
1000 5.8 (33.6) Hour-glass_ contraction of stomach 


pyloric adhesions. 
100 3.2 (10.2) | Fibroid of uterus —hyperchlorhydria 


Not made, | 4.4 (19.4) | Constipation—hyperchlorhydria... . . 


| 100 | 4.7 (22.0) | Hyperchlorhydria—pylorospasm—cho- 
| leeytitis chr. appendicitis. 

100 | 3.0 (9.0) Hyperchiorhydria... 

100-200 3.0 (9.0) | Exophthalmic goiter. ......... 

| Not made. | 3.0 (9.0) 


| 
Not made. | 5.4 (20.1) | Gastroptosis—hyperchlorhydria.. . . . 


+ Hammerschlag, 97%. 
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Case No, 


M., 680 
M., 236 
M., 225 
P., 328 
M., 423 
M., 408 
M., 356 
M., 322 
F. W. 
F. M. 
M.. 757 
M.. 664 
M., 734 
M., 282 
M., 371 
P., 258 
M.., 335 
M., 538 
M., 455 
M., 326 
S P. 


rd = 
2 | 229 
, 3 P., 289 
q 4 M..871 
5 M.. 520 
6 M., 300 
7 M., 227 
8 M., 575 
9 M., 826 
10 M., 615 
ll 
12 M.. 500 
13 M., 176 
5 
16 
18 
19 
20 
21 
22 
23 
24 
25 
26 4 
27 
28 
29 
30 
31 
32 
23 
3 
35 P.. 193 


GEANTITATIVE ESTIMATION OF PEPSIN, 


TABLE 3.—CoNTINUED, 


| 
| 
| 


3 ze ae Ricin. Mette. Diagnosis. Case No. 
56 100 3.5 (12.3) | Chr. appendicitis. ....... M., 593 
1000 3.8 (14.4) Appendicitis—hyperchlorhydria.t.... . 476 
38 «78 100 3.9 (15.2) | Hyperchlorhydria... .......... M., 450 
40 100 3.8 (14.4) | Gastric uleer.. 
+ Not made. 4.0 (16.0) Splanchnoptosis—incipient the..... . .  P., 2% 
“(80 55 100 3.4 (11.6) Hyperchlorhydria............ M., 678 
100 3.0 (9.0) Hyperchlorbydria..... .. ..... M.. 585 
43 & 52 100 3.0 (9 0) Hyperchlorhydria... .......... 
“COR 52 100 3.8 (14 4) | Bronchitis—gastritis ........... M.. 599 
} 100 46 (21.2)  Cholelithiasis—hyperchlorhydria.... F. B. 
rey 52 100 3.1 (9.6) Hyperchlorhydria... ......... T. M.B 
60 100 Not made, Neurosis—hyperchlorhydria . . . M .*83 
| 35 100 2.9 (8.4) | Neurasthenia—gastroptosis.... . M., 692 
53 100 2.6 (6.8) Gastric neurosis... . . M., 
M 4s 100 4.9 (24.0) | Gastric meurosis... .......... 561 
100 5.2 (27.0) Appendicitis—hyperchlorhydria . . . . M., 273 
M 500 2.8 (7.8) Cholecystitis—hyperchlorhydria.$ M..171 
58 100-209 4.9(240) Frontal and ethmoidal sinusitis—hy- M.. 785 
peracidity. 
85 «O88 62 1000 5.3 (28.0) . . . M.. 384 
OWS 60 300 3.1 (9.6) Neurosis—hyperchlorhydria .... . . M. 489 
57. (100 45 | 100 2.0 (6.46) | . M.. 597 
(106 100-200 Not made. | Cystitis—enteritis... .......... M..82s 
| @ 200 3.7 (13.7) | Epilepsy(?)... 
Not made. 4.2 (17.6) | Hyperchlorhydria..* . P.. 341 


‘Two controls, first with dil. of 1:100; second with dil, of 1 :1000. 

§ Mette control also low. 
chloric acid. In many eases it is doubtful if enough acid could be intro- 
duced, except occasionally with a stomach tube, to allow of normal pro- 
teolysis. A practical expedient (Sailer) is to saturate meat or milk, be- 
fore taking, with dilute hydrochloric acid until free acid can be detected, 
after which a small dose of hydrochloric acid will suffice. Pepsin should 
he given in sufficient amounts to make a 1/4 to 1/16 per cent. solution 


in the contents of the stomach (estimated in advance). It should be 
given with or followed by at least twenty minims of dilute hydrochloric 
acid. Both may be repeated once or twice at short intervals to make up 
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for the amount expelled into the duodenum. Gasterine, or the normal 


gastric secretion of the dog obtained through a Pawlow fistula, has been 
advocated by Frémont and others (see Bettmann) in doses of 100 to 500 
c.c. We have had no experience with it, but it would seem to have no 
advantage over a mixture of pepsin and hydrochloric acid unless it pos- 
sesses some “vital” or other property independent of its principal con- 
stituents. 

In conclusion, we desire to acknowledge our indebtness to Drs. 
Musser, Sailer and Talley for the use of their clinical material, which 
we have freely used to supplement our own. 

211 S. 17th Street. 
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